CO 

CN| 
CO 



® 



J 



Europ^lsches Patentamt 
European Patent Office 
Office europtf en dee brevets 



0 Publication number 



iiiiuiiiin 

0 627 397 A1 



® 



EUROPEAN PATENT APPLICATION 



© Application number 94108526.8 
% Dateof filing: 03.06.94 



® Int Cl»: C07C 39/11, C12P 7/22, 
C07B 53/00, C07C 213/08 





Priority: 04.06.93 JP 160225/93 


Inventor: YamasakI, Noritsugu 




16.09.93 JP 255085/93 


14-14, Sengen 1-chome 


® 




Tsukuba-shI, ibaraki 305 (JP) 


Date of publication of application: 


Inventor KobayashI, Yoshlnori 




07.12.94 Bulletin 94/49 


13-11, Kokufu 3-chome 


® 




Joetsu-shI, Niigata 942 (JP) 


Designated Contracting States: 


Inventor ikura, KlyoshI 




DE FR QB 


13-12, Hanabatake 2-chonne 






Tsukuba-shI, Ibaraki 300-32 ( JP) 


Applicant: DAICEL CHEMICAL INDUSTRIES 
CO, LTD. 




1-banchly Teppo-cho 


® Representative: Hansen, Bemd, Dr. 




Sakal-shi Osaka 590 (JP) 


DIpL-Chem. et al 






Hoffmann, Eitle & Partner, 


Inventor: Ito, MIchio 


Patentanwalte, 




1-'14, Suwacho 2-chome 


Arabellastrasse 4 




Aral-Shi, Nligata 944 (JP) 


D-81925 MQnchen (DE) 



® Optically active 1-phenyi-2-substltuted propane derivatives and mettiods of producing tlie same. 

@ An (S)-*1-phenyl-2-substituted propane derivative shown by the following fonmula (I) 




OR 



OR- 



(I) 



wherein and represent a lower alkyi group, etc., or and R^ may form together an alkylene group, 
etc.; R* and R^ represent a hydrogen atom, etc.; and X represents a hydroxy! group which may be protected 
with a protective group, or a halogen atom etc., can readily be produced (i) by permitting a microorganism 
belonging to the genus Torulaspora, the genus Candida, the genus Pichia or the like to act on a phenylacetone 
derivative and asymmetrically reducing the compound, or (ii) by sterically inverting an (R)-enantiomer. (R,R)-1- 
phenyl-2-[(2-phenyl-1-methylethyl)amino]ethanol derivative having a high optical purity can easily be obtained 
from the compound of the formula (I). The ethanol derivative is useful as an anti-obesity agent and the like. 
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RELD OF THE INVENTION 

The present invention relates to an optically active (S)- or (R)»1-phenyl-2-substltuted propane derivative 
which Is an important intermediate for synthesis of an (R,R)-1-phenyt-2-[(2-phenyl-1-methylethyl)amino}> 
5 ethanol derivative, and a method of producing the same. The present invention further relates to a method 
of producing the ethanol derivative which is useful as a nnedlcat compound or an intermediate product 
thereof. 

BACKGROUND OF THE INVENTION 

10 

As anti-obesity agents or anti-diabetic agents belonging to a new category of agents without using 
insulin. 1-phenyl-2-t(2-phenyl-1-methylethyl)amino] ethanol derivatives are noted since the derivatives act 
selectively on a iSs -receptor in vlvo > thus having extremely tow side effects. Pharmacological studies on the 
1-phenyl-2-[(2-phenyl*1-methylethyl)amino]ethanol derivatives have revealed that the /Sa -action substantially 

16 depends on (R.Rhenantiomers thereof (see J. Med. Chem.. 35. 3081 (1992), and U.S. Patent 5.061.727). 
For example, the above-mentioned U.S. Patent discloses that an (R,R)-5-[2-[[2-(3-chlorophenyl)-2-hydrox- 
yethyl]amino]propyl>1 ,3-ben2o dioxole-2,2-dicarboxylic acid disodtum salt has a higher activity than the 
corresponding (S,S)-enantiomer by a factor of 47. 

For the production of an optically active 1-phenyl-2-[(2-phenyl-1-methylethyl)amino]ethanol derivative, 

20 there is known an optical resolution of a racemic form or a racemate, or an asymmetric synthesis. 

For example, the above mentioned U.S. Patent 5.061.727 discloses a method of producing an (R.R)-1- 
phenyl«*2-[(2-phenyl*1-Hmethylethyl)amino]ethanol derivative which comprises (1) allowing a racemic 2-amino- 
1-phenylethanol derivative to react with a phenylacetone derivative and sodium cyanoborohydride to 
produce a mixture of four species of optical isomers of a 1-phenyl-2-[(2-phenyl-1-methylethyl)amino]ethanol 

25 derivative. (2) isolating and removing an (R.S)-isomer and an (S.R)-isomer from Mine mixture, and (3) 
optically resoluting an (R.R)-isomer and an (S,S)-isomer by a diastereomer method. According to this 
method, however, it is necessary to isolate and purify only the (R,R)-isomer from the mixture of tiie four 
species of optical isomers, therefore, the processes are complicated and the yield is decreased. Further, 
since large quantities of raw materials are required, the method is also disadvantageous in economical 

30 factor. 

The U.S. Patent and the Journal of Medicinal Chemistry as mentioned above disclose a method 
allowing an (R)-3-chtorostyrene oxide derivative to react with an (R)-l-metiiyl-2-phenyletiiylamine derivative. 
The (R)-l-methyl-2-phenylethylamine derivative used as a raw material or reactant in the method, however, 
has a strong antihypnotic or arousal action and it requires a particular attention when handled, therefore is 

35 not suited for a use in commercial production. Furtiier, a lot of steps or processes are required to obtain the 
at)ove-mentioned two reactants. For instance, the (R)-3-chlorostyrene oxide derivative is prepared from an 
acetophenone derivative through three steps, that is, chlorination. asymmetric reduction and epoxldation, 
and the (R)-1-methyl-2-phenylethylamine derivative is prepared from L-DOPA through six steps, namely, 
introduction of a protective group Into an amino group, esterification, reduction of the resulting ester, 

40 converting a hydroxyl group to a mesyloxy group, removal of the protective group and reduction. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide an optically active compound which is 
45 useful for the efficient production of an (R.R)-1-phenyl-2-[(2-phenyl-l-methylethyl)amino]ethanol derivative 
with a good yield. 

It is another object of the invention to provide a process for producing the compound efficientiy with 
high yield and optical purity. 

Still another object of the Invention is to provide an optically active compound which is useful for the 
50 production of the derivative and is available and easy to handle or treat. 

It Is a further object of the present invention to provide a process for producing an (R.R)-1-phenyl-2-[(2- 
phenyl-1-metiiylethyl)amino]ethanol derivative having a higher optical purity efficiently with a high yield. 

A yet further object of the present Invention is to provide an optically active (R)-enantiomer which is 
suitable for the production of the optically active compound being useful for producing the (R,R)-1-phenyl-2- 
65 [(2-phenyi-1-methylethyl)amino]ethanol derivative, and a process for producing the same. 

The present invention further relates to a process for asymmetrically reducing an phenylacetone 
derivative to the optically active compound, and to a use of a microorganism in production of the optically 
active intermediate. 

2 
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After much studies and efforts to accomplish the above mentioned objects, the present Inventors found 
that an optically active {Sy or (R)-l-phenyl-2-substituted propane derivative having a high optical purity can 
t>e obtained with a high yield by permitting a microorganism capable of asymmetrically reducing a 
phenylacetone derivative to act on the phenyiacetone derivative, and that an optically active (R.R)-1 -phenyl- 
6 2-((2-phenyl-1-methylethyl)amlno]ethanol derivative can easily or readily be produced from the {Sy or (R)-1- 
phenyl-2-substttuted propane derivative with high yield and selectivity. The present Invention has t>een 
accomplished based on the above findings. 

Thus, the present invention provides an (S)-1-phenyl-2-substituted propane derivative shown by the 
following fomnula (I) 

10 



IS 




20 

wherein R^ and R^ represent (a) the same or different, a hydrogen atom or a protective group for 
hydroxyl group, or (b) R^ and R^ may form an optionally substituted ring with the adjacent oxygen atoms; 
R^» R* and R^ independently represent a hydrogen atom, a lower alkyi group, a lower haloalkyi group, a 
lower alkoxy group, a nitro group or a halogen atom; and X represent a hydroxyl group which may be 
25 protected with a protective group, an optionally substituted alkylsulfbriyloxy group, an optionally sut)stituted 
aryisulfonyloxy group or a halogen atom. 

The (S)-1rphenyl-2-^ubstituted propane derivative of the general formula (I) may be produced by. for 
example, a process which comprises: 

permitting a microorganism which is capable of asymmetrically reducing a phenylacetone derivative 
30 shown by the following formula (II) 



35 



40 




OR 



(II) 



wherein R\ R^, R^, R* and R^ have the same meanings as defined above, to a corresponding (S)-1- 
phenyl-2-propanol derivative shown by the following formula (III) 



45 



50 




OR 



OR^ 



(III) 



55 wherein H\ R^. R^, R^ and R^ have the same meanings as defined above, or a preparation thereof 
to act on the phenylacetone derivative, and 

harvesting or recovering the product (S)-1-phenyl-2-propanol derivative. 
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Further, the (S>-i-phenyl-2-substituted propane derivative of the general tonrnula (i) may also be 
obtained by. for instance, allowing a sulfonylating agent or a halogenating agent to react with the (S)-1- 
phenyl-2-propanol derivative of the general formula (111). 

The (S)-1-phenyi-2-substltuted propane derivative of the general formula (I) is useful for production of 
5 an (R.RH-phenyl-2-[(2-phenyl-1*methylethyl) amino]ethanol derivative shown by the following formula (VI) 



70 



IS 




(VI) 



wherein R\ R2, R*, RS, r6, r7, r8, r9^ rio g^^^j 2 have the same meanings as defined above, or a 
salt thereof. 

20 The present invention further provides an (R)-1-phenyl-2-substituted propane derivative shown by the 
general formula (VII) 



25 



30 




(VII) 



wherein R\ R^, R3, R*, R5 and X have the same meanings as defined above. 

The (R)-1-phenyh2*substituted propane derivative of the general formula (VII) may be produced by. for 
35 instance, utilizing a function of a microorganism which is capable of asymmetrically reducing the 
phenylacetone derivative of the general formula (II) to produce the corresponding (R)-1-phenyl-2-propanol 
derivative shown by the following formula (Vll*) 



40 



45 




(VII') 



wherein R\ R^, R^, R* and R^ have the same meanings as defined above, or a preparation thereof. 
50 The (R)-l-phenyl-2-substituted propane derivative of the general formula (VII) may, for instance, be 
sterlcally inverted to the (S)-l-phenyl-2-substltuted propane derivative of the general formula (I) with the use 
of a nucleophllic reagent 

The present Invention still further discloses a process for asymmetrically reducing the phenylacetone 
derivative of the general formula (II) to the corresponding (S)- or (R)-1 -phenyl propane derivative, and a use 
65 of a microorganism capable of asymmetrically reducing the phenylacetone derivative of the general formula 
(II). or a preparation thereof for the production of the corresponding (S)- or (R)-1-phenyl-2-substituted 
propane derivative. 
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DETAILED DESCRIPTION OF THE INVENTION 

The (S)-1-phenyl-2-substituted propane derivatives shown by the general formula (I) are particularly 
useful as Intermediates for synthesis of the (R,R)-1-phenyl-2-[(2-phenyl-1-methylethyl}amino]ethanol deriva- 

5 tives which are usable as medicinal compounds or drugs, or intermediate materials thereof. 

As the protective group for hydroxy! group in R^ and R^. there may be mentioned protective groups for 
a hydroxyl group generally employed in the field of organic synthesis. Such protective groups include, for 
example, (A) a group which forms an ether bond with an oxygen atom, (B) a group which forms an ester 
bond with an oxygen atom, (C) a group which forms a carbonate with an oxygen atom and (D) a group 

10 which forms a sulfonic acid ester with an oxygen atom. 

Examples of the group (A) which forms an ether tx>nd with an oxygen atom include (1) an optionally 
substituted lower atkyi group, (2) an optionally substituted allyl group, (3) an optionally substituted cycloalkyi 
group, (4) an optionally substituted heterocyclic group, (5) an optionally substituted aralkyi group and (6) an 
optionally substituted sllyl group. 

75 The optionally substituted lower alkyi group (1) includes, for example, (a) an optionally substituted alky I 
group having 1 to 4 carbon atoms such as methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl and t- 
butyl groups. The substituents for the alkyI group include, for example, a alkoxy group, a 
alkoxy-Ci-4 alkoxy group, a C7-20 aralkyloxy group, a benzoyl group, a Ci-* alkylthio group and a halogen 
atom and so on. Examples of such substituted Ci .4 alkyI group include (b) a Ci -4 alkoxy-Ci -4 alkyl group 

20 such as methoxymethyl. ethoxymethyl, t-butoxy methyl. 1-methoxy ethyl. 1-ethoxyethyl. 2-methoxyethyl 
(especially a Ci -4 aikoxy-Ci -2 alkyl group); (c) an Ci >4 aikoxy-Ci .4 alkoxy-Ci -.4 alkyl group such as 2- 
methoxyethoxymethyl, 2-ethoxymethoxymethyl and the like (specifically a Ct>4 alkoxy-Ci-4 alkoxy-Ci-2 
alkyl group): (d) a C7-20 aralkyloxy-Ci -4 alkyl group such as benzyloxymethyl (especially, a C7-20 
aralkyloxymethyl group); (e) a phenacyl group; (f) a C1-4 alkylthio-Ci -4 alkyl group such as methyl- 

25 thiomethyl, ethylthiomethyl (specifically a C1-4 alkylthiomethyl group); and (g) a C1-4 haloalkyi group 
having one or more of halogen atoms such as trichloromethyl, trifluoromethyl. 2,2,2-trichloroethyl, 2,2.2- 
trifluoroethyl and the like. 

The optionally substituted allyl group (2) includes, for instance, an allyl group. Examples of the 
optionally substituted cycloalkyi group (3) Include a cycloalkyi group having 3 to 10 carbon atoms such as 

30 cyclopropyl, cyciopentyl. cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl and cyclodecyl. 

As the optionally substituted heterocyclic group (4), there may be mentioned, for example, an optionally 
substituted 5- to 6-membered heterocyclic group having an oxygen atom or a sulfur atom as a hetero atom. 
The optionally substituted heterocyclic group may frequentiy be a perhydroheterocyclic group. The 5- to 6- 
membered heterocyclic group includes, for instance, tetrahydrofuranyl, tetrahydrothiofuranyl, 

35 tetrahydropyranyl and tetrahydrothiopyranyl. Examples of the sustituent for the heterocyclic group include a 
halogen atom, a C1-4 alkyl group, a C1-4 alkoxy group such as methoxy. ethoxy. propoxy. isopropoxy, 
butoxy. isobutoxy, s-butoxy and t-butoxy, and others as mentioned above. Practical examples of the 
optionally substituted heterocyclic group include an optionally substituted tetrahydropyranyl group (e.g. 
tetrahydropyranyl, 3-bromotetrahydropyranyl, 4-methoxytetrahydropyranyl, etc.), an optionally substituted 

40 tetrahydrothiopyranyl group (for example, tetrahydrothiopyranyl, 3-bromotetrahydrothiopyranyl, 4-methox- 
ytetrahydrothiopyranyl. etc.), an optionally substituted tetrahydrofuranyl group (for instance, 
tetr£^hydrofuranyl, etc.), and an optionally substituted tetrahydrothiofuranyl group (e.g. tetrahydrothiofuranyl). 
Examples of the optionally sut>stituted aralkyi group (5) include an optionally substituted aralkyi group 
having 7 to 20 carbon atoms (e.g. benzyl, etc.). The substituent for the aralkyi group includes, for instance, 

45 a Ci -4 alkyl group; a halogen atom; a nitro group; a C1-4 alkoxy group; a Ce-ia aryl group such as phenyl. 
Examples of such substituent may be referred to those in above group (4). Typical examples of the 
optionally substituted aralkyi group include an optionally substituted C7-20 aralkyi group such as benzyl, o- 
chlorobenzyl. o-nltrobenzyl, p-chlorobenzyl, p-methoxybenzyl, p-methylbenzyl, p-nitrobenzyl, 2,6-dich- 
lorobenzyl, diphenylmethyl. trityl and the like. 

50 The substituent for the silyl group (6) includes a C7-20 aralkyi group such as benzyl group and 
substituents as mentioned in the aralkyi group (5). Examples of the optionally substituted sllyl group (6) 
include trimethylsilyl, triethylsilyl, t-butyldlmethylsllyl, tribenzylsllyl, triphenylsilyl and so on. 

As the group (B) which forms an ester bond with an oxygen atom, tiiere may be mentioned, for 
example, an optionally substituted acyl group Including (1) ah optionally substituted acyl group having 1 to 

55 6 carbon atoms such as formyl. acetyl, chloroacetyl. trifluoroacetyl. propionyl, isopropionyl, butyryl, 
isobutyryl, valeryl. isovaleryl, pivaloyi and the like; (2) an optionally substituted C7-16 acyl group having an 
aromatic ring such as benzoyl, p-phenylbenzoyl. toluoyi, naphthoyi and others; (3) an optionally substituted 
acyl group having a heterocyclic ring such as furoyi, thenoyi, nicotinoyi and isonicotinoyi groups. 

5 
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The group (C) which forms a carbonate with an oxygen atom includes, for instance, (1) an optionally 
substituted C2-5 alkoxycarbonyl group such as methoxycarbonyl. ethoxycarbonyl, prqpoxycarbonyl. 
isopropoxycarbonyl. butoxycarbonyl, lsobutoxycart)onyl. s-butoxycarbonyl and t-butoxycarbonyl; (2) an 
optlonally substituted C8-20 aralkyloxycarbonyl group such as benzyloxycarbonyl. p-methoxybenzyloxycar- 
5 bonyl, p-methylbenzyloxycartDonyl, p-chlorobenzytaxycartwnyl, o-nitrobenzyloxycartxmyl, etc.; (3) an option- 
ally substituted C7-20 aryloxycarbonyl group such as phenoxycartDonyl. 4-methylphenyloxycartK)nyl, 4- 
nitrophenyioxycarfcx>nyl, 4*chlorophenytoxycarbonyl, naphthyioxycarbonyl and so on. 

Examples of the group (D) which forms a sulfonic acid ester with an oxygen atom include (1) an. 
. optionally substituted alkylsulfonyt group such as an optionally substituted C1-4 alkylsulfonyl group (e.g. 
JO methanesulfonyl, ethanesulfonyl, trichloromethanesulfonyl, trifluoromethanesulfonyl, etc.); (2) an optionally 
substituted arylsulfonyl group including an optionally substituted Ce-so arylsulfonyl group such as ben- 
zenesulfonyl. m-nitrobenzenesulfonyt, p-hitrobenzenesulfony|, p-chlorobenzenesuifonyl, p-bromobenzenesul- 
fonyl, p-toluenesulfonyl, naphthalenesulfonyl and others. 

Preferred examples of and exemplified above include (i) a hydrogen atom; (ii) among the 
15 protective groups for hydroxyl group, (A) a group which forms an ether bond with an oxygen atom, 
specifically, an optionally substituted alkyi group and an optionally substituted C7-20 aralkyi group, 
and more specifically a Ci -4 alkyI group, and (B) a group which forms an ester bond with an oxygen atom, 
espedaiiy a Ci -e acyl group (e.g. acetyl, etc.). 

Where and R^, In incorporation, form a ring together with the adjacent oxygen atoms, the ring may 
20 for example be a 5- to 10-membered ring, preferably a 5- to 8-membered ring and more preferably a 5- or 
6-membered ring. Such R^ and R^ includes, for instance, an optionally substituted alkylene group, a 
carbonyl group, a thiocarbonyl group and others. 

As the alkylene group, there may be mentioned, for instance, an alkylene group having 1 to 4 cart>on 
atoms such as methylene, ethylene, trimethylene and the like. Preferred alkylene grpup includes a 
25 methylene group. 

The optionally substituted methylene group includes, for example, a group shown by the following 
formula (IX) 



30 



35 wherein R» and R** represent, (i) the same or different, a hydrogen atom, a C1-4 alkyI group, a Ci-* 
haloalkyi group, an optionally substituted C6-20 aryl group, a C1-4 alkoxy group, an optionally substituted 
amino group, a carboxyl group or a salt thereof, an optionally substituted alkoxycarbonyl group, a 
hydroxymethyl group or an optionally substituted alkoxymethyl group, or (ii) R* and R^ may fonm a 65 -7 
cycloalkyi group together with the adjacent carbon atom. 

40 The Ci -4 alkyI group, the Ci haloalkyi group and the Ci -4 alkoxy group in R* and R** include those 
exemplified in R^ and R^. The optionally substituted Ce-ao aryl group in R' and R** includes, for instance, 
phenyl. 4-methoxyphenyl. 2-nitrophenyl and others. As the substituted amino group, there may be 
mentioned, for example, a mono- or di-Ci-* alkylamino group such as methylamino, dimethylamino, 
ethylamino. diethylamino and others. 

45 As the salt of the carboxyl group represented by R^ and R^, any salt can be employed. A salt which is 
pharmacologically acceptable may frequently be used. Examples of such salt include a salt with an 
inorganic base such as an alkali metal salt (e.g. a sodium salt or a potassium salt), an alkaline earth metal 
salt (for instance, a magnesium salt, a calcium salt or a barium salt), a metal salt (e.g. a zinc salt or an 
aluminum salt) and an ammonium salt; a salt with an organic base such as a salt with pyridine, a tri-Ci -3 

50 alkyiamine (e.g. trimethytamine, triethylamine, etc.) and so on. 

The optionally substituted alkoxycarbonyl group In R** and R^ includes, for instance, an optlonally 
substituted C2-S alkoxycarbonyl group as mentioned in R^ and R^. 

As examples of the optionally substituted alkoxymethyl group in R® and R**, there may be mentioned an 
optionally substituted a Ci -4 alkoxy-methyl group which may be substituted on the alkyI with a sut)stituent. 

55 Such substituent for the alkoxymethyl group include, for example, a carboxyl group, a C2-5 alkoxycarbonyl 
group, a hydroxyl group and a Ci-* alkoxy group. The C2-5 alkoxycarbonyl group and the C1-4 alkoxy 
group can be referred to the groups as mentioned in R^ and R^. Typical examples of the optionally 
substituted alkoxymethyl group include (a) a C1-4 alkoxy-methyl group such as methoxymethyl, ethox- 
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ymethyl. propoxymethyl. isopropoxymethyl, butoxyemthyl. isobutoxymethyl. s-butoxymethyl and t-butox- 
ymethyl; (b) a carboxy-Ci-* alkoxy-methyl group such as carboxymethoxymethyl, carboxyethoxymethyl, 
carboxypropoxymethyl. carboxybutoxymethyt, etc.; (c) a C2-S alkoxycarbonylCi-A alkoxy-methyl group 
such as methoxycarbonylmethoxymethyl* ethoxycarbonylmethxoymethyl, isopropoxycarbonyimethox- 

5 ymethyl, 2-butoxycarbonylethoxymethyl and others; (d) a hydroxy-Ci-4 alkoxy-methyl group such as 2- 
hydroxyethoxymethyl. 3-hydroxypropoxymethyl and the like; (e) a Ci -4 alkoxy-Ci -4 alkoxy-methyl group 
such as 2-methoxyethoxy methyl. 2-ethoxyethoxy methyl, 3-methoxypropoxymethyl and so on. 
The C5-7 cycloaikyi group Includes cyclopentyl, cyclohexyl and cycloheptyl groups. 
As preferred examples of the optionally substituted methylene group shown by the fonmula (DQ, there 

10 may be mentioned, for instance, (a) the group of the formula (IX) wherein R' and R** are, the same or 
different, a hydrogen atom, a Ci-* alkyi group or a Cs-7 cycloalkyi group formed with R®, R** and the 
adjacent carbon atom (e.g. a methylene group, a C2-4 alkylidene group such as an ethylldene group and 
an isopropylidene group; a C5-7 cycloaikylidene group such as a cyclopentylidene and a cyclohexylidene, 
and so on); (b) the group of the formula (IX) where R* and R** are respectively a carboxyl group or a salt 

16 thereof, an optionally substituted alkoxycarbonyl group, a hydroxymethyl group or an optionally substituted 
alkoxymethyl group. Specifically preferred is the group of the formula (IX) where R^ and R'^ are, the same 
or different, a carboxyl group or a salt thereof, or a C2-.5 alkoxycarbonyl group. 

Practically prefenred examples of R^ and R^ include, a hydrogen atom, a C1-4 alkyI group (particularly a 
methyl group), the optionally substituted methylene group of the formula (IX) formed by incorporation of 

20 and where R" and R** are respectively a carboxyl group or a salt thereof, or a C2-5 alkoxycarbonyl 
group. 

Examples of the lower aikyi group in R3. R^ and R^ include a Ci -.4 alkyI group as exemplified in R^ and 

R2. 

The lower haloalkyi group in R^, R* and R^ includes, for instance, a haloalkyi group having 1 to 4 

25 carbon atoms and one or more of halogen atoms such as chloromethyl. 2-chloroethyl. 4-chlorobutyl. 
trichloromethyl. trifluoromethyl and 1 ,1 .2.2.2-pentafIuoroethyl groups. As examples of the lower alkoxy group 
and the halogen atom, there may be mentioned a Ci -4 alkoxy group and halogen atoms as mentioned in 
the explanation of R^ and R^. 

Preferred substituents of R^. R* and R^ include, for example, a hydrogen atom and a lower alkyI group, 

30 especially a hydrogen atom. 

The protective group of hydroxy! group in X as mentioned at>ove includes an protective group for an 
alcoholic hydroxyl group usually or generally used in thQ field of organic synthesis. Examples of such 
protective group include the protective groups (A) to (C) as mentioned in the protective groups for a 
hydroxyl group in R^ and R^. 

35 The halogen atom in X includes the halogen atoms mentioned above. 

Examples of the optionally substituted alkylsulfonyloxy group in X include an optionally substituted 
C1-4 alkylsulfonyloxy group such as methanesulfonyloxy, ethanesulfonyloxy, trichloromethanesulfonyloxy 
and trifluoromethanesulfonyloxy groups. 

As examples of the optionally substituted arylsulfonyloxy group, there may be mentioned an optionally 

40 substituted Ck -20 arylsulfonyloxy group such as benzensulfonyloxy, m-nitrobenzenesulfonyloxy, p-nltroben- 
zenesulfonyloxy, p-chlorobenzenesulfonyloxy, p-bromobenzenesulfonyloxy, p-toluenesulfonyloxy, naph- 
thalenesulfonyloxy and others. 

Typical examples of X include a hydroxyl group and a group which plays as a leaving group in a 
replacement reaction such as an optionally substituted C1-4 alkylsulfonyloxy group, an optionally substi- 

45 tuted arylsulfonyloxy group, a halogen atom and the like. Particularly, a hydroxyl group; an optionally 

substituted alkylsulfonyloxy group having 1 or 2 carbon atoms such as methanesulfonyloxy group; an 
optionally substituted arylsulfonyloxy group having 6 to 15 carbon atoms such as p-toluenesulfonytoxy 
group; chlorine atom, bromine atom and iodine atom are preferable. 

In the (S)-1-phenyl-2-substituted propane derivative of the general formula (I), preferred examples 

50 include compounds where R^ and R^ are, the same or different, (i) a hydrogen atom, a Ci -4 alkyI group 
(specifically a methyl group) or (II) R^ and R^ incorporatively form an optionally substituted methylene group 
of the formula (IX) wherein R° and R^ are respectively a cart>oxyl group or a salt thereof, or a C2-5 
alkoxycarbonyl group; R^, R^. and R^ are independentiy a hydrogen atom or a C1-4 alkyI group; and X Is a 
hydroxyl group, a C1-2 alkylsulfonyloxy group, a C$-i5arylsulfony!oxy group or a halogen atom. 

55 Practical examples of the (S)-1-phenyi-2-substituted propane derivative shown by the general formula (I) 
include (1) an (S)-l-(3,4-dihydroxyphenyl)-2-substituted propane derivative. (2) an (S)-1-(3,4-di-Ci-4 alkox- 
yphenyl)-2-substituted propane derivative, (3) an (S)-1-(2,2-di-Ci-4 alky 1-1 ,3-benzodioxol-5-yl)-2-substituted 
propane derivative, (4) an (S)-1-[2,2-bis(C2-5 alkoxycarbonyl)-1,3-benzodioxol-5-yl]-2-substituted propane 
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derivative and (5) an (S)*l-(2,2-dicarboxy-l ,3-benzodioxol-5-yt)-2-substituted propane derfvative. 

As the (S)-1-(3,4-dihydroxyphenyl)-2-substituted propane derivative {^), there may k>e mentioned, for 
instance. (S)-l-(3,4-dihydroxyphenyl)-2-propanol, (S)-[2-(3,4-dihydro)(yphenyl)-1-methylethyl p-toluenesul- 
fonate], (SH2-(3.4-dihydroxyphenyl)-1-methylethyl methanesuifonate], {S)-2-chloro-1-(3,4-dihydroxyphenyl)- 
5 propane, (S)-2-bromo*1-(3,4-dihydroxyphenyl)propane and the iil^e. 

Examples of the (S)-1-(3,^t-Ci-4 alkoxyphenyl)-2'Substituted propane derivative (2) include (S)-1-(3,4- 
dimethoxyphenyl)-2-propanol, (SH2-(3,4-dimethoxyphenyl)-1-methyiethyl p-toluenesulfonate], (SH2-(3.4- 
'd^lmethoxyphenyiy-l-methylethyl methanesulfonate], (S)-2-chloro-1-(3,4-dimethoxyphenyl)propane, (S)-2-bro- 
mo-1-(3,4-dinnethoxyphenyl)propane and so on. 
10 The (S)-1-(2,2-di-Ci all<yl-1 ,3-ben2odioxol- 5-yl)-2-substituted propane derivative (3) includes, for 
example. (S)-l -(2.2-dimethyl-1 ,3-ben20dioxol-5-yi)-2-propanol, (SHI -methyl-2-(2,2-dimethyl-1 ,3-t>en- 
zodioxol-5*yl)ethyl p-toluenesulfonate], (SH1-methyl-2*(2,2-dimethyi-1,3-benzodioxol-&-yl)ethyl methanesul- 
fonate], (S)-2-chloro-1 -(2,2-dimethyl-l ,3-benzodioxol-5-yl)propane, (S)-2-bromo-1 -(2,2-dimethyl-l ,3-ben- 
zodioxol-5-yl)propane, etc. 

16 As examples of the (S)-1-[2,2-bis(C2-5 alkoxycarbonyl)-1,3-benzodioxol-5-yl]-2-substituted propane de- 
rivative (4), there may be mentioned (S)-[dimethyl 5-(2-hydroxypropyl)-1 ,3-benzodioxole-2.2-dicart>oxylate], 
(SHdiethyl 5-(2-hydroxypropyl)-1.3-benzodloxole-2,2-dtcarbQxylate],(SH<^imethyl 5-[2-(p-toluenesul- 
fonyloxy)pr6pyl]-1 ,3-benzodioxo!e-2.2-dicari30xylatel, (SHdiethyl 5-[2-(p-toluenesuIfonyloxy)propyl]-1 ,3-ben- 
zodioxole-2,2-dicarkx)xylate], (S)-tdimethyl 5-[2-(methanesulfonyloxy)propyl>1 ,3-benzodioxole-2,2-dicarbox- 

20 ylate], (S)-[diethyl 5-[2-(methanesulfonyloxy) propyl]-1.3-benzodloxole-2,2-dlcarboxylate], (SHdimethyl 5-(2- 
chbropropyl)-1.3-k>enzodioxole-2,2-dicarboxylate], (SHdiethyl 5-(2-chloropropyl)-1 ,3-benzodioxole-2,2-dicar- 
boxylate], (S)-[dimethyl 5-(2-bromopropyl)-1 ,3-benzodioxole-2.2-dicarboxylate], (SHdiethyl 5-(2- 
bromopropyl)-1 ,3-benzodioxole-2,2-dicarboxylate] and the lil<e. 

Examples of the (S)-1-(2.2-dicart>oxy-1,3-benzodioxol-5-yl)-2-substituted prqpane derivative (5) include 

25 (SHdisodium 5-[2-(hydroxypropyl)-1 .3-l>enzodioxole-2,2-dicarboxylate]. (S)-[disodium 5-[2-(p-to!uenesul- 
fbnyloxy)propyl}-1,3-benzodioxole-2»2-dicarboxylate], (SHdisodium 5-[2-(methanesulfonyloxy) propyl]-1,3- 
benzodioxole-2,2-dicarboxy late], (S)-[disodium 5-(2-chloropropyi)-1 .3-t)enzodioxole-2.2-dicarboxylate]. (S)- 
[disodium 5-(2-bromopropyl)-1 ,3-benzodioxole-2,2-dicart)oxylate] and others. 

The (S)-1-phenyh2-substituted propane derivative of the general formula (I) can be prepared by a 

30 variety of methods, for instance, by a chemical reaction, and can advantageously be prepared by utilizing 
an action of a microorganism or a preparation thereof. 

Among the (S)-1 -phenyl-2-substituted propane derivatives shown by the general formula (I), (a) the 
compound wherein X is a hydroxy! group, that is, (S)-1-phenyh2-propanol derivative shown by the general 
formula (III) can easily be obtained by asymmetrical reduction of the phenylacetone derivative shown by the 

35 general formula (II), (i) with the use of a microorganism or a preparation thereof, or (ii) in a chemical 
method, and harvesting or recovering the product (S)-1-phenyl-2-propanol derivative. 

In the method (i). the (S)-1-phenyl-2-substituted propane derivative of the general formula (I) can be 
obtained by permitting a microorganism or a preparation thereof to act on the phenylacetone derivative of 
the general formula (11) and harvesting or recovering the objective product. 

40 The phenylacetone derivative of the general formula (II) used as a raw material can easily be obtained 
by a conventional manner, for example, dry distillation of a mixture of an acetic acid salt such as an acetic 
acid salt with an alkaline eartii metal (e.g. calcium acetate and barium acetate) and a phenylacetic acid salt 
corresponding to the compound of the general fonmula (II) such as a phenyl acetic acid salt with an alkaline 
earth metal salt (for instance, calcium phenylacetate, barium phenylacetate, etc.) or others. 

45 The microorganisms to be employed in accordance with the method may be any strain of microorgan- 
ism that is capable of asymmetrically reducing a phenylacetone derivative shown by the general formula (II) 
to produce the optically active (S)-1-phenyh2-substituted propane derivative shown by the general formula 
(IN), 

Examples of such microorganisms a strain of microorganism belonging to the genus Sphingobac- 
50 terlum, the genus Aeromonas, the genus Agrobacterlum, the genus Aureobacterlum, the genus Bacillus, 
the genus CelMomonas, the genus Chromobacterlum, the genus Corynebacterlum, the genus 
Giuconobacter, the genus Jensenia, the genus Comamonas, the genus Pseudommas, the genus 
Alterna/la, the genus Amanita, the genus Aspergillus, the genus Cochliobolus, the genus Corynespora, 
the genus Dactylium, the genus Drectislera, the genus Echinopodospora, the genus Gelasinospora, the 
65 genus Gonatobotryum, the genus Helminthosporium, the genus Mortiereiia, the genus Paecilomyces, the 
genus Phialophora, the genus Phytdphthora, the genus Podospora, the genus Rtylzomucor, the genus 
Septoria, the genus Sporormielia, the genus Stemphylium, the genus Talaromyces, the genus Torula, the 
genus Ustilago, the genus Westerdykella, the genus Ambrosiozyma, the genus Dei<kera, the genus 
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Candida, the genus Ciavispora, the genus Cryptococcus, the genus Debaryomyces, the genus Gaiactc- 
myces, the genus FUobasidium, the genus Geotrichum, the genus Hansenufa, the genus Issatchenkia, 
the genus Kloeckera, the genus Kiuyveromyces, the genus Leucosporidlum, the genus Lodderomyces, 
the genus Metschnikowia, the genus Myxozyma, the genus Oosporidium, the genus Pachysolen, the 

5 genus Pichia, the genus Maiassezia, the genus Rhodosporidium, the genus Kondoa, the genus 
Rhodotoruia, the genus Saccharomyces, the genus Octosporomyces, the genus Sporidiobolus, the genus 
Spor<^olomyces, the genus Sporopachydermia, the genus Sterigmatomyces, the genus Torulaspora, the 
genus Toruiopsis, the genus Trigonopsis, the genus Wickerhamia, the genus Wingea, the genus 
Zygoascus, the genus Zygosaccharomyces, the genus Zygozyma and others. 

70 (1) The strain of microorganism belonging to the genus Sphingobacterlum includes Sphlngobacterium 
sp. IFO 13310, etc. 

(2) The strain of microorganism belonging to the genus Aeromonas includes Aeromonas hydrophila 
subsp. proteolytiga IFO 13287, etc. 

(3) The strain of microorganism belonging to the genus Agrobacterium includes Agrobacterium 
IS radiobacter IFO 12664, etc. 

(4) The strain of mjcroorganism belonging to the genus Aureobacterium includes Aureobacterium 
testaceum IFO 12675, etc. 

(5) The strain of microorganism belonging to the genus Bacillus includes Bacillus cereus AHU 1355, 
etc. 

20 (6) The strain of microorganism belonging to the genus Cellulomonas includes Cellulomonas flavlgena 
IFO 3754. etc. 

(7) The strain of microorganism belonging to the genus Chromobactarlum includes Cbromobactenum 
iodinum IFO 3558, etc. 

(8) The strain of microorganism belonging to the genus Corynebacterium includes Corynebacterium 
25 aquaticum IFO 12154. etc. 

(9) The strain of microorganism belonging to the genus Gluconobacter includes Gluconobacter 
oxydans IFO 3255. etc. 

(10) The strain of microorganism belonging to the genus Jensenia includes Jensenia canicruria IFO 
13914. etc. 

30 (11) The strain of microorganism belonging to the genus Comamonas includes Comamonas ac- 
idovorans IFO 13582, etc. 

(12) The strain of microorganism belonging to the genus Pseudomonas includes Pseudomonas 
fluorescens IFO 3081. Pseudomonas putida IFO 3738, etc. 

(13) The strain of microorganism belonging to the genus Alternan'a includes Altemaria japonica IFO 
35 5244. etc. 

(14) The strain of microorganism belonging to the genus Amanita includes Amanita citrina IFO 8261, 
etc. 

(15) The strain of microorganism belonging to the genus Aspergillus includes Aspergillus awamori 
nakazawa IFO 4033. Aspergillus ficuum IFO 4018, Aspergillus niger AHU 7105, Aspergillus niger \F0 

40 5374. etc. 

(16) The strain of microorganism belonging to the genus Cochliobolus includes Cochliobolus 
miyabeanus IFO 6631, etc. 

(17) The strain of microorganism belonging to the genus Corynespora includes Corynespora cassiicola 
IFO 6724, etc. 

45 (18) The strain of microorganism belonging to the genus Dactylium includes Dactylium dendroides 
ATCC 46032, etc. 

(19) The strain of microorganism belonging to the genus Drechslera includes Drechslera avenae IFO 
6636, etc. 

(20) The strain of microorganism belonging to the genus Echinopodospora Includes Echinopodospora 
50 Jamalcensis IFO 9819. etc. 

(21) The strain of microorganism belonging to the genus Gelaslnospora includes Gelaslnospora 
cerealls IFO 6759. etc. 

(22) The strain of microorganism belonging to the genus Gonatobotryum Includes Gonatobotryum 
apiculatum IFO 9098. etc. 

65 (23) The strain of microorganism belonging to the genus Helminthosporium includes Helminthosporium 
sigmoideum var. irregulare IFO 5273. etc. 

(24) The strain of microorganism belonging to the genus Mortierella includes Mortierella isabeilina IFO 
6336, etc. 
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(25) The strain of microorganism belonging to the genus Paeciiomyces Includes PaecHomyces variotii 
IFO 4855. etc. 

(26) The strain of microorganism belonging to the genus Phialophora includes Phialophora pedrosol 
IFO 6071. etc. 

5 (27) The strain of microorganism ttelonging to the genus Phytophthora Includes Phytophthora capsici 
IFO 8386, etc. 

(28) The strain of microorganism belonging to the genus Podospora Includes Podospora carbonaria IFO 
30294, etc. 

(29) The strain of microorganism belonging to the genus Rhizomucor includes Rhizomucor pusiflus IFO 
10 4578, etc. 

(30) The strain of microorganism belonging to the genus Septoria Includes Septoria glycines IFO 5294. 
etc. 

(31) The strain of microorganism belonging to the genus Sporormielia Includes Sporormielia isomera 
IFO 8538, etc. 

16 (32) The strain of microorganism k>elonging to the genus Stemphyllum includes Stemphyllum sar- 
ciniforme IFO 7243, etc. 

(33) The strain of microorganism belonging to the genus Taiaromyces includes Talaromyces flavus var. 
r/avas IFO 7231. etc. 

(34) The strain of microorganism belonging to the genus Torula includes Torula Jeanselmei IFO 6857, 
20 etc. 

(35) The strain of microorganism t>eionging to the genus Ustilago Includes UstHago cynodont/s IFO 
7530, etc. 

(36) The strain of microorganism belonging to the genus WesterdykeUa includes Westerdykeila 
multispora IFO 5813. etc. 

25 (37) The strain of microorganism belonging to the genus Ambroslozyma includes Ambrosiozyma 
cicatricosa IFO 1846. Ambrosiozyma monospora IFO 1965. etc. 

(38) The strain of microorganism belonging to the genus Del(kera includes Dekkera custersianus IFO 
1585, etc. 

(39) The strain of microorganism belonging to the genus Candida includes Candida aaseri \F0 10104, 
30 Candida atomspherica IFO 1969, Candida beecttii IFO 10229, Candida diversa IFO 1091, Candida 

ergatensis IFO 10233. Candida fluviatilis IFO 10234. Candida tusiformate IFO 10225, Candida 
glabrata IFO 0622, Candida gr<^ngiessen IFO 0659, Qandida haionitratophila IFO 1595, Candida 
inconspicua IFO 0621 , Candida kefyr DSM 70073, Candida krusei DSM 70075. Candida iambica DSM 
70090, Candida mogii IFO 0436, Candida maitosa IFO 1978, Candida melibiosica IFO 10238. Candida 

35 membranaefaciens IFO 1246, Candida oieoptiiia JCM 2444, Candida parapsilosis IFO 1022, Candida 
pintoiopesii var. pintoiopesii IFO 0729. Candida pseudointemtedia IFO 1693, Candida catenuiata 
DSM 70136, Candida njgosa IFO 0591, Candida saitoana IFO 0768, Candida sake IFO 1149, Candida 
nataiensis IFO 1981, Candida salmanticensis IFO 10242. Candida santamariae IFO 1982, Candida 
scliatavii IFO 10258, Candida shenatae IFO 1983, Candida siivanotum IFO 10419, Candida sor- 

40 bophiia IFO 1583, Candida tenuis IFO 10315. Candida utiiis IFO 0396. Candida utiiis IFO 0988. 
Candida albicans IFO 0759. etc. 

(40) The strain of microorganism belonging to the genus Ciavispora Includes Ciavispora iusitaniae IFO 
1019. etc. 

(41) The strain of microorganism belonging to the genus Cryptococcus includes Cryptococcus 
45 humicolus IFO 0760, Cryptococcus neoformans lAM 4788, etc. 

(42) The strain of microorganism belonging to the genus Debaryomyces includes Debaryomyces 
varljiae DSM 70252, etc. 

(43) The strain of microorganism belonging to the genus Gaiactomyces Includes Gaiactomyces reessii 
IFO 1112, etc. 

50 (44) The strain of microorganism belonging to the genus Fiiobasidium includes Fliobasidium 
capsutigenum IFO 1119, etc. 

(45) The strain of microorganism belonging to the genus Geotriciium Includes Geotrictium candidum 
IFO 4598, Geotrichum fermentans JCM 2467, Geotrichum fragrans JCM 2450. etc. 

(46) The strain of microorganism belonging to the genus Hansenuia includes Hansenula poiymorptia 
55 ATCC 26012, Hansenula capsulata DSM 70269, Hansenuia glucozyma DSM 70271. Hansenuia 

wickerhamii DSM 70280, etc. 

(47) The strain of microorganism belonging to the genus Issatchenkia includes Issatchenkia scutulata 
var. scutulata IFO 10070, etc. 
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(48) The strain of microorganism belonging to the genus Kioeckera includes Kloeckera africana IFO 
0869, eta 

(49) The strain of microorganism belonging to the genus Ktuyveromyces Includes Kiuyveromyces 
lactis IFO 0433, Kiuyveromyces marxianus DSM 70800. Kiuyveromyces poiysporus DSM 70294, etc. 

5 (50) The strain of microorganism belonging to the genus Leucosporidlum includes Leucosporidium 
scoff// IFO 1924, etc. 

(51) The strain of microorganism belonging to the genus Lodderomyces includes Lodderomyces 
e/ong/spon/s IFO 1676, etc. 

(52) The strain of microorganism belonging to the genus Metschnikowia includes Metschnikowia 
10 blcuspidata IFO 1 408, Metschnikowia pu/cherrima DSM 70336, Metschnikowia reukaufii DSM 70880, 

etc. 

(53) The strain of microorganism belonging to the genus Myxozyma includes Myxozyma iipomycoides 
IFO 10350, etc. 

(54) The strain of microorganism belonging to the genus Oosporidium includes Oosporidium mar— 
IS gantiferum IFO 1208, etc. 

(55) The strain of microorganism belonging to the genus Pachysoien includes Pachysoien tannophiius 
IFO 1007, etc. 

(56) The strain of microorganism belonging to the genus Pichia includes Pichia ceiiobiosa DSM 2147, 
Pichia farinosa IFO 1163, Pichia iindnerii DSM 70718, Pichia ohmeri DSM 70815. Pichia ther- 

20 motolerans IFO 10025, Pichia pastoris DSM 70382, Pichia trehaiophiia DSM 70391, Pichia carsonii 
DSM 70392, Pichia subpeiiiculosa IFO 0808. etc. 

(57) The strain of microorganism belonging to the genus Maiassezia includes Maiassezia furfur IFO 
0656, etc. 

(58) The strain of microorganism belonging to the genus Rhodosporidium includes Rhodosporidium 
25 diobovatum IFO 1830, Rhodosporidium toruloides IFO 1638. etc. 

(59) The strain of microorganism belonging to the genus Kondoa includes Kondoa maivineiia IFO 1936. 
etc. 

(60) The strain of microorganism belonging to the genus Rhodotorula includes Rhodotoruia giutinis 
AHU 3454. Rhodotomia rubra IFO 0383, etc. 

30 (61) The strain of microorganism belonging to the genus Saccbaromyces includes Saccharomyces 
rouxii lAM 0487, etc. 

(62) The strain of microorganism belonging to the genus Octosporomyces includes Octosporomyces 
octosporus IFO 0353. etc. 

(63) The strain of microorganism belonging to the genus Sporidioboius includes Sporidiobolus johnsonii 
35 IFO 6903, Sporidioboius pararoseus IFO 1104. Sporidii^oius salmonicolor IFO 1845, etc. 

(64) The strain of microorganism belonging to the genus $poroboi<myces includes Sporoboiomyces 
pararoseus IFO 1038, etc. 

(65) Tlie strain of microorganism belonging to the genus Sporopachydermia includes Sporopachyder- 
mia iactativora IFO 1867, etc. 

40 (66) The strain of microorganism belonging to the genus Sterigmatomyces includes Sterigmatomyces 
eiviae DSM 70852. etc. 

(67) The strain of microorganism belonging to the genus Toruiaspora includes Toruiaspora deibrueckii 
IFO 0381, etc. 

(68) The strain of microorganism belonging to the genus Toruiopsis includes Toruiopsis nemodendra 
45 DSM 70647. etc. 

(69) The strain of microorganism belonging to the genus Trigonopsis includes Trigonopsis variabiiis 
IFO 0755. etc. 

(70) The strain of microorganism belonging to the genus Wickerhamia includes Wickerhamia 
fiuorescens DSM 70715, Wickerhamielia domercquii IFO 1857, etc. 

50 (71) The strain of microorganism belonging to the genus Wingea includes Wingea robertsii IFO 1277, 
etc. 

(72) The strain of microorganism belonging to the genus Zygoascus includes Zygoascus heiienicus 
IFO 1575, etc. 

(73) The strain of microorganism belonging to the genus Zygosaccharomyces Includes Zygosac- 
65 charomyces baiiii IFO 0468, Zygosaccharomyces bisporus DSM 70415. etc. 

(74) The strain of microorganism belonging to the genus Zygozyma includes Zygozyma oiigophaga IFO 
10360. etc. 
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For the purposes of the invention, any of wild strains, mutants and recombinant strains which can be 
obtained by a genetic engineering technique such as cell fusion or gene manipulation can suitably be used, 
as far as having the above mentioned ability or capability. 

The microorganisms identified hereinabove by IFO numt}ers are descrik)ed in the "List of Cultures Ed. 
5 9" published by Institute for Fermentation, Osalta (IFO), Japan and are available from the same Institute. 
The microorganisms designated by JCM numfc>ers are listed in "Catalogs of Microbial Strains Ed. 5 (1992)" 
published by the Culture Collection of The Institute of PhysicaU and Chemical Research, Japan and available 
from the same Culture Collection. The microorganism designated by DSM numbers are listed in ''Catalogue 
of strains (1989)" published by the Deutsch Sammlung von Mikroorganismen (DSM) and are available from 
10 the same organization. The yeast identified by ATCC number (Hansenula polymorpha ATCC 26012) is 
listed in "Catalogue of Yeasts, Ed. 18 (1990)" and the filamentous fungus designated by ATCC number 
(Dactylium dedroides ATCC 46032) is listed in "Catalogue of Filamentous fungi, Ed. 18 (1991)" each 
published by the American Type Culture Collection (ATCC) and are respectively available from the same 
organization. The microorganisms titled by lAM numbers are available from Institute of Applied Microbi- 
75 ology. Tokyo University, Japan. The microorganisms identified by AHU numk>ers are available from Faculty 
of Agriculture, IHokkaido University, Japan. 

The medium which is used for growing the strain for use in the invention is not critical in composition 
only if the selected strain may grow and multiply therein. The medium may frequently be a fluid medium 
containing sources of carbon and nitrogen and other nutrients. Any carbon source which the strain can 
20 utilize may be employed. As the sources of carbon, there may be employed various carbohydrates or 
saccharides such as glucose, fructose, sucrose, dextrin, starch, etc.; alcohols such as sorbitol, methanol, 
ethanol, glycerol, etc.; organk: acids such as fumaric acid, citric acid, acetic acid, propionic acid, etc. and 
the corresponding salts; hydrocarbons such as paraffin; and various mixtures thereof. The sources of 
nitrogen include, for instance, inorganic acid ammonium salts such as ammonium chloride, ammonium 
25 sulfate, ammoniurn phosphate, etc.; organic acid ammonium salts such as ammonium fumarate. ammonium 
citrate, etc.: inorganic or organic nitrogen-containing materials such as meat extract, yeast extract malt 
extract, (peptone (polypeptone). com steep liquor, casein hydrolysate, urea, etc.; and various mixtures 
\ thereof. 

In the medium, there may be incorporated appropriate amounts of those nutrients which are commonly 
30 employed in the cultivation of microorganisms, such as inorganic salts, trace metal salts and vitamins. 
Where necessary, there may also be incorporated factors which may promote growth of the strain used 
and/or factors which may augment its at>ility to produce the object compound of the invention, as well as a 
buffer substance which may assist in the maintenance of the medium at a given pH. 

The cultivation of the microorganism is carried out under conditions optimal for the growth of the 
35 particular strain, for example at a medium pH in the range of about 2.0 to 9.5, preferably about 3 to 8. and 
an incubation temperature in the range of al)out 20 to 45 'C, preferably about 25 to 37 *C. The cultivation 
may be aerobic or anaerobic. The cultivation time is, for example, about 5 to 120 hours, preferably about 12 
to 72 hours. 

The method of asymmetric reduction is not critical so far as the function of a microorganism or a 

40 preparation thereof is acted on the phenylacetone derivative of the general formula (II) to produce the (S)-1- 
phenyl-2-substituted propane derivative of the general formula (I), and may. for example, be whichever of 
the following alternatives: (1) a technique adding the phenylacetone derivative to the culture medium where 
the microorganism is cultivated. (2) a technique adding or mixing the phenylacetone derivative with a 
culture broth as such to conduct the reaction, (3) a technique which comprises separating the microbial 

45 cells from the culture broth, e.g. by centrifugatton, resuspending the cells, either as they are or after 
washing, in a buffer solution, water or the like, and adding the phenylacetone derivative to the resulting cell 
suspension to treat the mixture therewith. 

There are cases in which this reaction proceeds with advantage of a higher yield of the objective 
optically active compound in the presence of a carbon source such as glucose, sucrose, ethanol, methanol 

50 or paraffin which serves as an energy source. 

In the reaction, wet viable cells as such can be used, or a treated preparation of cells such as disrupted 
cells, acetone-treated cells, lyophilized cells can also be employed. These cells or preparation thereof can 
be employed as immobilized by known techniques such as the polyacrylamide gel method, sulfur- 
containing polysaccharide gel method (e.g. carrageenin gel method), alglnic acid gel method, agar gel 

55 method and so on. The enzyme purified from such a cell preparation can also be used. The enzyme can be 
obtained with the use of known purification processes in a suitable combination. 

The corresponding phenylacetone derivative can be used as it is or in the form of a solution, 
suspension or dispersion containing a suitable solvent. As the solvent, water or an organic solvent which will 
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not interfere with the reaction can be employed. A suspension or a dispersion prepared with a surfactant 
can also be used when necessary. The phenylacetone derivative may be added in bolus at the l>eginning of 
the reaction or in several installments. 

The optimal cell concentration of the reaction system can be selected from the range where the yield 

5 and the optical purity of the desired optically active compound wilt not be adversely affected. A typical ceil 
concentration may for example be, on a dry cell basis, about 0.1 to 500 g/liter and preferably about 1 to 300 
g/iiter. The concentration of the substance phenylacetone derivative is not particularly restricted and is, for 
example, about 0.01 to 20% by weight and preferably about 0.1 to 10% by weight. 

The reaction conditions of the asymmetric reduction can t>e selected from the ranges that will not 

10 detract from the yield of the object compound. For example, the pH of the reaction system can be selected 
from the range of pH about 2 to 10 and preferably pH abK>ut 3 to 8. The reaction temperature is selected 
from the range of, for example, about 10 to 60 'C and preferably from alx>ut 20 to 40 •€ and more 
preferably from about 20 to 35 *C. The reaction can be conducted with stirring or under stationary 
conditions for about 1 to 120 hours. 

16 Thus, when permitting the microorganism or a preparation thereof to act on the phenylacetone 
derivative, the asymmetric reduction can proceed smoothly or advantageously to produce the correspond* 
ing 1-phenyl-2-propanol derivative having an (S)-configuration with a high selectivity. 

The (S)-1-phenyl-2-propanot derivative of the general formula (III) produced by the reaction can t^e 
recovered or harvested by the separation and purification procedures generally known. For example, the 

20 (S)*1 -ph6nyt-2-propanol derivative having a high optical purity can t3e easily obtained by subjecting the 
reaction mixture, directly or after sep>aration of the ceils, to the conventional purification procedure such as 
membrane separation, extraction with an organic solvent, crystallization, recrystallization. column 
chromatography, vacuum concentration and distillation. The optical purity of optically active compound can 
be measured by high performance liquid chromatography (HPLC) using an optical resolution column. 

25 In the (S)-1-phenyl-2-substituted propane derivatives shown by the general formula (I), (b) the com- 
pound wherein X is an optionally substituted alkylsulfonyloxy group, an optionally substituted aryisuh 
fonyloxy group or a halogen atom, that is a compound shown by the general formula (IV). can easily or 
readily be obtained from the compound of the formula (III) by selecting an reagent, for example a 
sulfonylating agent or a halogenating agent a catalyst and reaction conditions from the range where the 

30 reaction proceeds with retention in stereochemistry. Such reaction is illustrated, for instance, by the 
following scheme: 




45 The sulfonylating agent Includes a variety of conventional sulfonylating agents which can convert a 
hydroxy! group Into an alkylsulfonyloxy or arylsulfonyloxy group, for example, an optionally substituted 
alkylsulfonyl halide or an optionally substituted arylsulfonyi hallde. 

As the optionally substituted alkylsulfonyl halide and the optionally substituted arylsulfonyi halide, those 
corresponding to X may be ennployed. Such optionally substituted alkylsuifonyl halide include, for instance. 

60 an alkylsulfonyl halide having 1 to 4 carbon atoms which may be substituted with a substituent such as a 
halogen atom on the alkyi group, including methanesulfonyl chloride, methanesulfonyl bromide, ethanesul- 
fonyl chloride, ethanesulfonyl bromide, trichloromethanesulfonyl chloride, trifluoromethanesulfonyl chloride, 
and the like. Examples of the optionally substituted arylsulfonyi halide Include an arylsulfonyi halide having 
6 to 20 carbon atoms, preferably 6 to 15 carbon atoms, which may have a substituent such as an aikyi 

55 group, a nitro group and a halogen atom on the aromatic ring, for example, benzenesuifonyl chloride, 
benzenesulfonyl bromide, o-toluenesutfonyl chloride, p-toluenesulfonyl chloride, p-toluenesulfonyt bromide, 
m-nitrobenzenesulfonyl chloride, p-nitrobenzenesulfonyl chloride, p-chlorobenzenesulfonyl chloride, p- 
bromobenzenesulfonyl chloride, naphthalenesulfonyl chloride and so on. 

13 



BNSDOCID: <EP ^0627397Al J_> 



EP 0 627 397 At 



The reaction of the (S)-1-phenyl-2-propanol derivative of the general formula (III) with the sulfdnylating 
agent can be carried out. usually in the presence of a base at a temperature of, for instance, about -20 
to 100 'C, preferably at>out -10'C to 40^C, and more preferably about O'C to 30'C, When the reaction 
temperature is lower than -20 *C. the reaction rate is decreased, and when the reaction temperature 

5 exceeds 100 C, occurrence of a side reaction tends to be enhanced. 

The base includes inorganic bases and organic teases. As examples of the inorganic bases, there may 
be mentioned alkali metal hydroxides such as sodium hydroxide, potassium hydroxide and lithium 
hydroxide; alkaline earth metal hydroxides such as magnesium hydroxide, calcium hydroxide and barium 
hydroxide; alkali metal carbonates such as sodium cart>onate. potassium carbonate and Uthium carbonate; 

10 alkaline earth metal carbonate such as magnesium carbonate, calcium carbonate and barium carbonate; 
alkali metal hydrogencarbonates such as sodium hydrogencart>onate and potassium hydrogencart>onate. 
The organic bases include, for example, metal alkoxides such as alkali metal alkoxides (for example, a 
sodium or potassium Ci- 4 alkoxide such as sodium methoxide, sodium ethoxide, sodium propoxide, 
sodium butoxide, potassium methoxide, potassium ethoxide, potasium propoxide and potasium butoxide, 

76 etc.); primary amines such as an alkylamine (e.g. a Ci-s alkylamine such as methylamine. ethylamine. 
propylamine, butylamlne. etc.); secondary amines such as chain amines including an dialkylamine (e.g. a 
di-Ci-8 alkylamine such as dirnethylamine, diethylamine, dipropylamine, diisopropylamine, dibuthylamine, 
diisobutylamine, di-s-butylamine. di-t-butylamine, dipentylamine. dihexylamine, diheptylamine, dioctylamine, 
etc.), and cyclic amines such as pipecoline, piperidine. morpholine. pyrrolidine, etc.; tertiary amines such as 

20 a trialkylamine (e.g. a tri-Ci-a alkylamine such as trimethylamine. triethylamine, tri propylamine, 
tributylamine, etc.), alkanolamines such as N.N-di-Ci -4 alkyi alkanolamine (e.g. N,N<limethylethanolamine, 
and the like). N,N-dimethylanlline, 4^imethylaminopyridine. N-methylmorpholine, N-methylpiperidine, and 
others; nitrogen-containing heterocycric compounds such as pyridine, quinoline. picoline, and others. As the 
base, the organic bases such as pyridine may frequently be employed. 

25 The reaction may be conducted in an inert solvent As the solvent, there may be mentioned, for 
instance, aromatic hydrocarbons such as benzene, toluene, xylene and ethylbenzene: aliphatic hydrocar- 
bons such as pentane. hexane. heptane and octane; alicyciic hydrocari3ons such as cyclohexane and 
methylcyclohexane; hatogenated hydrocartx)ns such as carbon tetrachloride, chloroform, dichloromethane 
and 1,2-dichloroethane; ethers such as diethyl ether, dibutyl ether, dioxane and tetrahydrofuran; ketones 

30 such as acetone and methyl ethyl ketone; esters such as methyl acetate and ethyl acetate; aprotic polar 
solvents such as acetonitrile. N.N-dimethylformamide and dimethyl sulfoxide. 

The using amount of the sulfonylating agent can be selected from a suitable range depending on the 
reaction rate and economic factors, and is usually about 0.9 gram equivalent or more, preferably about 0.9 
to 1.5 gram equivalents and more preferably about 1.1 to 1.3 gram equivalents, relative to 1 gram 

35 equivalent of the (S)-1-phenyl-2-propanol derivative of the general formula (III). 

By the reaction of the (S)-phenyl-2-propanol derivative with the sulfonylating agent the corresponding 
(S)-2-alkylsulfonyloxy-1-phenylpropane derivative or (S)-2-arylsulfonyloxy-1-phenylpropane derivative can 
selectively be produced with a good yield. 

As the halogenating agent, there may be mentioned, for instance, conventional halogenating agents 

40 usable when halogenating an optically active alcohol wherein a hydroxyl group is bonded to an asymmetric 
carbon with retention of the configuration. Examples of such halogenating agents include thionyl chloride, 
thionyl bromide and the like. 

The reaction of the (S)-1-phenyl-2-propanol derivative with the halogenating agent can be carried out at 
a temperature of, for example, about -20*C to 150'C and preferably about 10'C to 120 'C. The reaction 

45 conducted at a temperature lower than -20 * C decreases the reaction rate, and the reaction carried out at a 
temperature exceeding 150*C tends to cause a side reaction. The reaction may be conducted in an inert 
solvent. The solvent exemplified as above can also be used in this reaction. The preferred solvent includes 
a solvent, which advantageously proceed the reaction with retention of the configuration, for example, a 
solvent containing an oxygen atom or a sulfur atom such as ethers including, for instance, dioxane, diethyl 

so ether, dipropyl ether, diisopropyl ether, 1 .2-dimethoxyethane, anisole, tetrahydrofuran, and the like. The 
hakDgenating agent can also be used as the solvent. 

The amount of the halogenating agent relative to 1 gram equivalent of the (S)-l-phenyl-2-propanol 
derivative of the general formula (HI) Is, for instance, about 0.9 gram equivalent or more and preferably 
about 0.9 to 1 .5 gram equivalents. In order to proceed the reaction smoothly, a reaction accelerator such as 

56 sodium chloride, sodium bromide and N,N-dimethylformamide; the above mentioned base or the like can 
be added to the reaction system. 

By the reaction of the (S)-1-phenyl-2-propanol derivative of the general formula (III) and the halogenat- 
ing agent, the corresponding (S)-2-halo-1-phenylpropane derivative can selectively and efficiently be 
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produced. 

The (S)-l-phenyl*2*substituted propane derivative of the general formula (IV) produced by the suh 
fonylation or halogenatlon as mentioned above can be recovered by conventional separation and purification 
procedures. For example, the (S)-1-phenyl-2-substituted propane derivative having a high optical purity can 
5 be easily obtained by subjecting the reaction mixture to the conventional purification procedure such as pH 
adjustment or control of the reaction mixture, extraction with an organic solvent, crystallization, recrystal^ 
lizalion, vacuum concentration, column chromatography and distillation. 

The (S)-1-phenyh2-substituted propane derivative of the genereU fonmula (IV) thus obtained can 
advantageously be employed as an Intermediate for synthesis of the (R,R)-1-phenyl-2-[(2-phenyl-1- 
10 methylethyl)amino] ethanol derivative usable as a medicinal compound or an intermediate thereof. 

In the (S)-1-phenyl-2-substituted propane derivatives of the general formula (I), (c) other compounds 
than the compounds of the general formula (III) or (IV), that is, the compounds wherein X is a hydroxyl 
group which is protected by a protective group can readily or easily be obtained by protecting the hydroxyl 
group of the compound of the general formula (II) with the protective group in accordance with a 
IS conventional manner using a protective reagent. The compound thus obtained can appropriately be used 
when the protection of the hydroxyl group is required in chemical reaction for producing another derivative 
from the compound of the general formula (I). 

In the (S)-1 -phony l-2-substltuted propane derivatives of the general formula (I) of the present invention, 
R\ or both can be converted from one substituent to another by a conventional technique. 
20 For example, the (S)-1-phenyl-2-substituted propane derivative of the general formula (I) where R^ and 
R2 are both methyl groups can easily be converted to the compound where R^ and R^ incorporatively form 
the group shown by the formula (IX) in accordance with the following scheme. 



25 
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(I c) (If) 



wherein R^^ and R^^ respectively represent an optionally substituted alkyi group; and X** are 
independently a halogen atom; and R^ R^. R^ and X have the same meanings as defined above. 

40 In the reaction, a compound of the fonmula (Ic) having the group of the formula (IX) where R® and R** 
are both optionally substituted alkoxycarbonyl groups, can be prepared by allowing a demethylating agent 
such as BBra to react with the compound of the general formula (I) where R^ and R^ are both methyl 
groups, that is, the compound of the formula (la), and allowing a dihalomalonic acid ester shown by the 
formula (XI) such as diethyl dibromomalonate to react with the demethylated compound of the formula (lb) 

45 in the presence of a base such as potassium carbonate. The resultant compound (Ic) can be introduced to a 
compound of the formula (Id) having the group of the formula (IX) where R^ and R** are both hydroxyl 
groups by using a reducing agent such as lithium borohydride. When allowing a halogenated alkyI of the 
formula p<ll) to react with the compound of the formula (Id) In the presence of a base such as sodium 
hydride, a compound of the formula (le) having the group of the formula (XI) where R* and R** are 

50 respectively an optionally substituted alkoxymethyl group can be obtained. 

Further, hydrolysis of the compound of the formula (Ic) in accordance with a conventional hydrolyzing 
method such as alkali hydrolysis using an alkali including an alkali metal hydroxide (e.g. sodium hydroxide) 
or the like can easily or readily afford a compound of the formula (if) having the group of the formula (IX) 
wherein R* and R^ are, the same or different, a carkjoxyl group or a salt thereof. 

55 With regard to the method, the disclosures and descriptions in the above mentioned U.S. Patent 
5,061.727 and J. Med. Chem., 35, 3081 (1992) can be referred, and these disclosures and descriptions can 
be incorporated with the disclosure of the present specification. 
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The process for producing the (R,R>-1-phenyl-2-t(2-phenyl-1-methylethyl)amlno]ethanol derivative 
shown by the general formula (VI) of the present invention Is characterized by altowing the (R)-2-amina*l- 
phenylethanol derivative of the general formula (V) to react with the (S)-1-phenyl-2-substituted propane 
derivative of the general formula (IV) with inversion in stereochemistry to produce the objective compound 
5 of the formula (VI). 

The lower alkyl group, lower haloalkyi group, lower alkoxy group or halogen atom in R', R^, Rs and 
R^° of the general formula (V) may be refenred to the lower alkyl group or the like exemplified above. As the 
substituent R^. a tower haloalkyi group such as a Ci -4 haloaikyi group, a halogen atom, a nitro group or the 
like, psurticularly a halogen atom such as chtorine atom Is preferable. Preferred examples of R^, R^. R^ and 
70 R^° include a hydrogen atom and a alkyl group, specifically a hydrogen atom. 

The protective group for hydroxyl group in 2 of the general formula (V) may refer to, for example, a 
group mentioned as the protective group for hydroxyl group in the explanation for R\ R^ and X. 

Typical examples of Z include a hydrogen atom. (A) a group which forms an ether bond with an oxygen 
atom, particularly, alkyl group, an optionally substituted 5- to 6-membered heterocyclic group having 
75 an oxygen atom or a sulfur atom as a hetero atom, and an optionally substituted silyl group, (6) a group 
which forms an ester bond with an oxygen atom such as an optionally substituted C1-6 acyl group, an 
optionally substituted C7-16 acyl group having an aromatic ring and an optionally substituted acyl group 
having a heterocyclic ring, and (C) a group which forms a carbonate with an oxygen atom such as an 
optionally substituted C2-S alkoxycarbonyl group, an optionally substituted C8-20 aralkyloxycarisonyl group 
20 and an optionally substituted 07-20 aryloxycarbonyl group. Particularly, a hydrogen atom can advanta- 
geously be used as Z. 

In the present invention, the protective group for hydroxyl group, introduction of the protective group to 
hydroxyl group and cleavage of the protective group may. for example, be referred to and incorporated with 
"Protective Groups io Organic Synthesis" (T. W. Greene, A Wiley-lntersclence Publication. John Wiley & 
25 Sons (1981)). 

As practical examples of the (R)-2-amino-1-phenylethanol derivative shown by the general formula (V). 
there may be mentioned (a) (R)-2-amino-1-phenyletiianol; (b) an (R)-2-amino-1-(3-nitrophenyl)ettianol de- 
rivative such as (R)-2-amino-1-(3-nitrophenyl)ethanol, (R)-2-amino-1-(2-methyl-3-nitrophenyl)ethanol, etc.; (c) 
an (R)-2-amino-1-(3-halophenyl)etiianol derivative such as (R)-2-amino-1-(3-chlorophenyl)etiianol. (R>-2- 

30 amino*1 -(2,3-dichlorophenyl)ethanol, (R)-2-amino-1 -(3,4-dichlorophenyl)ethanol. (R)-2-amino-1 -{3- 
bromophenyOethanol, (R)-2-amino-1 -(2,3-dibromophenyl)ethanol, (R)-2-amino-1 -(3,4-dibromopheny l)ethanol, 
(R)-2-amino-1 -(3-fluorophef ly l)etiianol, (R)-2-amlno-1 -(2,3-dif luoropheny l)etiianol, (R)-2-amlno-1 -(3,4- 
difluorophenyl)ethanol and the like; (d) an (R)-2-amino-1-(3-Oi-.4 haloalkyl-phenyl)ethanol derivative such as 
(R)-2-amino-1 -(3-chloromethy lphenyl)ethanol. (R)-2-amino-1 -[3-(2-chloroethyl)phenyl]ethanol, (R)-2-amino-1 - 

38 (3-(4-chlorobutyl)phenyl]ethanol, (R)-2-amino-1 -(3-trichloromethy lphenyl)ethanol, (R)-2-amino-1 -(3- 
trifluoromethylphenyl)ethanol, (R)-2-amino-1- [3-(1 ,1 ,2.2,2-pentafluoroethyl) phenyl]ethanol. etc.: (e) an (R)-2- 
amino-1-(3-Ci-4alkoxy-pheny!)ethanol derivative such as (R)-2-amino-1-(3-methoxyphenyl) ethanol. (R)-2- 
amino-1 -(3-methoxy-4-chlorophenyl)ethanol. (R)-2-amino-1 -(3-metiioxy-4-methylphenyl)ethanol, (R)-2-amino- 
l-(3-ethoxyphenyl)ethanol; (f) an (R)-2-amino-1-(3-Oi-* alkyl-phenyl) ethanol derivative such as (R)-2- 

40 amlno-1 -(3-methylphenyl)ethanol, (R)-2-amino-1 -(3-ethy lphenyl)ethanol, (R)-2-amino-1 -(3-propy Iphenyl)- 
ethanol, (R)-2-amlno-1-(3-t-butylphenyl)ethanol, etc.; (g) an (R)-2-amino-1-(2-substituted phenyl)ethanol de- 
rivative such as (R)-2-amino-1-(2-chlorophenyl)ethanol, (R)-2-amino-1-(2-bromophenyl) ethanol, (R)-2-amino- 
1 -(2-fluorophenyl)etiianol. (R)-2-amino-1-(2-trifluoromethylphenyl)ethanol, (R)-2-amino-1-(2-methoxyphenyl)- 
ethanol. (R)-2-amino-1-(2-ethoxyphenyl)etiianol. (R)-2-amlno-1-(2-metiiylphenyl)ethanot. (R)-2-amino-1-(2- 

45 ethylphenyl)ethanol), (R)-2-amino-1-(2-propylphenyl)ethanol, (R)-2-amino-l-(2-t-butylphenyl)ethanol and the 
like; (h) an (R)-2-amino-1-(4-substituted phenyl) ethanol derivative such as (R)-2-amino-1-(4-chlorophenyl)- 
ethanol. (R)-2-amlno-1 -(4-bromophenyl)ethanol, (R)-2-amino1 -(4-f luoropheny l)ethanol, (R)-2-amino-1 -(4- 
trifluoromethylphenyl)ethanol, (R)-2-amino-l-(4-methoxyphenyl)ethanol. (R)-2-amino-l-(4-ethoxyphenyl)- 
ethanol, (R)-2-amino-l-(4-methylphenyl)ethanol, (R)-2-amino-l-(4-ethylphenylethanol), (R)-2-amino-l-(4-pro- 

50 pylphenyl)ethanol, <R)-2-amino-l-(4-t-butylphenyl)ethanol, and so on. 

The (R)-2-amino-l -phenylethanol derivative of the general formula (V) can be obtained by, for instance, 
subjecting the conresponding racemic 2-amino-1 -phenylethanol derivative to a conventional optical resolu- 
tion. For example, the compound can readily be obtained by allowing an optically active carboxylic acid 
such as an amino acid (e.g. D-alanlne) derivative where the amino group is protected (e.g. N-(t- 

55 butoxycarbonyl)-D-atanine, etc.) to react with the racemic derivative to form a diastereomeric salt and 
recrystallizing tiie objective compound from the salt The racemic 2-amino-1 -phenylethanol derivative can 
be prepared by a conventional manner, for instance, allowing a trialkylsilylcyanide such as trimethylsilyl- 
cyanide to react with the corresponding benzaidehyde derivative in the presence of a Lewis acid such as 
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anhydrous aluminum chtoride to produce an o-trialkylsilytmandelonitrile derivative such as o-trimethylsilyl- 
mandelonitrile derivative, subjecting the resultant compound to treatment with a reducing agent such as 
sodium borohydrida and to hydrolysis with an acid, and, when necessary, protecting the hydroxyl group 
with a suitable protective group. 

5 The reaction of the compound of the general formula (V) and the compound of the general formula (IV) 
can be carried out, by selecting a reagent, a catalyst and reaction conditions In a suitable range as far as 
the reaction can be proceeded with inversion of the configuration, and, for example, at about 0 to 150 *C 
and preferably about 20 to lao^'C. If the reaction temperature Is lower than CC, the reaction rate is 
decreased, and if it exceeds 150 C. a side reaction is liable to occur. 

10 The reaction may preferably be carried out in the presence of a base. A use of the base may increase 
the optical purity of the object compound. As the base, the base mentioned above can be employed. 
Prefered examples of the base include organic bases, particularly secondary amines and tertiary amines. 
Among them, chain secondary amines, specifically dialkylamines such as di*Ci-8 alkylamlnes can advanta- 
geously be employed. When such dialkylamine is used, the yield of the objective compound can 

J5 remarkably be increased. Further, among cyclic amines as above, use of such amines which are bulky, for 
example pipecoiine, may occasionally afford a high yield of the compound. 

The amount of the base is, for example, about 0.5 to 10 gram equivalents, preferably about 1.0 to 5 
gram equivalents and more preferably about 1.2 to 3.5 gram equivalents relative to 1 mol of the compound 
of the general formula (IV). 

20 The reaction may be conducted in an inert solvent as mentioned atx>ve. Preferred examples of the 
solvent include hydrocarbons such as aromatic hydrocarbons, aliphatic hydrocart>on and alicyclic hydrocar- 
bons. 

The amount of the compound of the general formula (IV) can be selected from a suitable range with 
regard to the reaction rate and economical factors, and is generally about 0.3 to 1.5 gram equivalents and 

25 preferably at>out 0.5 to 1.3 gram equivalents, and more preferably at>out 0.8 to 1.2 gram equivalents relative 
to 1 mole of the compound of the general formula (V). 

According to this method, the amino group of the (R)-2-amino-1-phenylethanol derivative may attack the 
carbon atom on the 2-position of the (S)-1-phenyl-2-substituted propane derivative of the general formula 
(IV) from the opposite direction against the substituent Y, and. thus, a sut>stitution reaction with Inversion 

30 can smoothly proceed stereoselectively. Therefore, the conresponding (R,R)-1-ph6nyl-2-[(2-phenyM- 
methylethyl)amino]ethanol derivative of the general formula (VI) or a salt thereof with a by-produced add 
HY, wherein Y has the same meaning as defined above, can be produced with a high reaction yield and 
optical yield. 

The (R,R)-1-phenyl-2-[(2-phenyl-1-methylethyl)amino]ethanol derivative and a salt thereof thus obtained 

3S can selectively react with the iSa -receptor in vivo to decrease or reduce blood sugar significantly and to 
remarkably restrain or suppress obesity. The pharmacological activity in the (R,R)-isomer is extremely 
higher than those in the other optical isomers. (R.R)-[disodium 5-[2-t[2-(3-chlorophenyl)-2-hydroxyethyl]- 
amino]propylh1.3-benzodioxole-2.2-dicarboxylate] shows, for example, a higher activity than the corre- 
sponding (S,S)-enantiomer by a factor of 47 (see the above-mentioned U.S. Patent). 

40 When the corresponding (R)-enantiomer is used instead of the (S)-1-phenyl-2-substituted propane 
derivative in the reaction, the object compound (R.R)-1-phenyl-2-[(2-pheny 1-1 -methy lathy l)amino]ethanol 
derivative can hardly be produced. Further, use of the racemic 1-phenyl-2-substituted propane derivative 
produces the objective compound only with a yield of 50% at most, and an isolating process for isolating 
and removing a by-produced optical isomer is required. 

45 As described above, the (S)-1-phenyl-2-substituted propane derivative of the present invention is 
remarkably usable and effective Intermediate to selectively obtain the (R,R)-1-phenyl-2-[(2-phenyl-1- 
methylethyl)amino]ethanol derivative efficiently with a high yield, thus the (S)-enantiomer is remarkably 
more usable than the corresponding (R)-enantiomer and the racemic form. 

Further, the (S)-1 -phenyl-2-substituted propane derivative of the formula (I) of the invention, differing 

50 from the (R)-l-methyl-2-phenylethylamine derivative, does not have an antihypnotic or arousal action, 
therefore is easy to handle or treat and suited for a use in commercial production. 

R\ R^ or the both of the compound of the general formula (VI) can be converted from one substituent 
to another by a conventional manner. As such manner, the methods explained in R^ and R^ of the 
compound of the general formula (1) may be referred to. 

55 For example. (R.R)-1-phenyl-2-[(2-phenyl-1-methylethyl)amino]ethanol derivative of the general formula 
(VI) where R^ and R^ are both methyl groups can easily be converted to the compound where R^ and R^ 
incorporatively form the group shown by the formula (IX) in accordance with the above mentioned method. 
With regard to the method, the disclosures and descriptions in the above mentioned U.S. Patent 5,061 .727 
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and J. Med. Chem.. 35. 3081 (1992) can be refen^ed and incorpcM-ated with the present specification. 

In the reaction, a compound having the group of the formula (IX) where R° and are both optionally 
substituted alkoxycarbonyt groups, can be prepared by allowing a demethylating agent such as BBra to 
react with the compound of the general formula (VI) where and R^ are t>oth methyl groups for 
5 demethylation, and allowing a dlhalomgdonic acid ester shown by the formula (XI) such as diethyl 
dibromomalonate to react with the demethylated compound in the presence of a base such as potassium 
carbonate. The resultant compound can be introduced to a compound having the group of the formula (IX) 
where R* and R'* are both hydroxyl groups by using a reducing agent such as lithium borohydride. When 
allowing an alkyi haiide of the formula (XII) to react with the resulting compound in the presence of a base 
10 such as sodium hydride, a compound having the group of the formula (IX) where R* and R** are respectively 
an optionally substituted alkoxymethyl group can be prepared. 

Further, hydrolysis of the compound having the group of the formula (IX) where R" and R** are 
respectively em optionally substituted alkoxycart>onyl group, in accordance with a conventional hydrolyzing 
method such as alkali hydrolysis using an alkali such as an alkali metal hydroxide (e.g. sodium hydroxide) 
75 or the like can easily or readily afford a compound having the group of the formula (IX) wherein R^ and R*^ 
are. the same or different, a cau^lDoxyl group or a salt thereof. 

The (R,R)-1*phenyl-2-[(2-phenyl-1-methylethyl)amino]ethanol derivative of the general formula (VI) or a 
salt thereof produced in the abovementioned reaction can be recovered by a conventional isolation and 
purification technique. For instance, the (R.R)-1-phenyl-2-[(2-phenyl-1-methylethyl)aminolethanol derivative 
20 or a salt thereof having a high optical purity can easily or readily be obtained by subjecting the reaction 
mbtture. if necessary after adjusting to alkaline, to the conventional purification procedure such as extraction 
with an organic solvent, vacuum concentration, column chromatography, distillation, crystallization and 
recrystallization. 

The j(R,R)-1-phenyl-2-t(2-phenyl-1-methylethyl)amino]ethanol derivative or a salt thereof can advanta- 

25 geously be used, as intact or. where necessary, subjected to a suitable chemical modification, as a 
medicament such as an anti-obesity agent and an antidiabetic agent The processes for such chemical 
modification may be referred to the descnptions and disclosures in. for example, tiie above-mentioned U.S. 
Patent 5,061,727. J. Med. Chem.. 35. 3081 (1992) and "Protective groups in Organic Synthesis" (T. W. 
Greene, A Wiley-lntersdence Publication. John Wiley & Sons (1981)). 

30 The (R)-1-phenyl-2-substituted propane derivative shown by the general formula (VII) and production 
thereof are illustrated hereinbelow. 

As examples and preferred R' to R^ and X of the general formula (VII), there may be mentioned the 
substituents as mentioned ak>ove for the general formula (I). 

Among (R)-1-phenyl-2-substituted propane derivatives of the general formula (VII), preferred examples 

35 include compounds where R^ and R^ are, the same or different (i) a hydrogen atom, a Ci -4 alkyI group 
(specifically a methyl group) or (ii) R^ and R^ irrcorporatively form an optionally substituted methylene group 
of the formula (IX) wherein R** and R** are respectively a carboxyl group or a salt thereof, or a C2-S 
alkoxycarbonyl group; R^. R*. and R^ are independentiy a hydrogen atom or a Ci-* alkyI group; and X is a 
hydroxyl group, a C1-2 alkylsulfonyloxy group, a Cs-is arylsulfonyloxy group or a halogen atom. 

40 Practical examples of the (R)-1-phenyl-2-substituted propane derivative shown by tiie general fonnula 
(VII) can refer the examples of the corresponding (S)-1-phenyl-2-substituted propane derivative of the 
general formula (I) as mentioned above. Such examples include (1) an (R)-1-(3,4-dihydroxyphenyl)-2- 
substituted propane derivative. (2) an (R)-1-(3.4-di-Ci-4 alkoxyphenyl)-2-substituted propane derivative. (3) 
an (R)-1-(2,2-di-Ci-4 alkyl-1.3-benzodioxol-5-yl)-2-substltuted propane derivative. (4) an (R)-1-[2,2-bis(C2-s 

45 alkoxycarbonyl)-1,3-benzodioxol-5-yl]-2-substituted propane derivative and (5) an (R)-1-(2,2-dicarboxy-1,3- 
benzodioxol-5'yl)-2-substituted propane derivative. 

As the (1) (R)-1-(3,4-dihydroxyphenyl)-2-substituted propane derivative, there may be mentioned, for 
instance, (R)-1-(3,4-dihydroxyphenyl)-2-propanol, (R)-[2-(3,4-dihydroxyphenyl)-1 -metiiylethyl p-toluenesul- 
fonate], (R)-[2-(3,4-dihydroxyphenyl)-1 -methyietiiyl methanesulfonate], (R)-2-chloro-l-(3,4-dihydroxyphenyl)- 

50 propane. (R)-2-bromo-1-(3,4-dihydroxyphenyl)propane and the like. 

Examples of tiie (2) (R)-1-(3,4-di-Ci-4 alkoxyphenyl)-2-substituted propane derivative Include (R)-l-(3,4- 
dimethoxyphenyl)-2-propanol. (R)-[2-(3,4-dimethoxyphenyl)-1-methylethyl p-toluenesulfonate], (R)-[2-(3.4- 
dimethoxyphenyl)-1-metiiylethyl methanesulfonate], (R)-2-chIoro-1-(3,4-dimethoxyphenyl)propane, (R)-2-bro- 
mo-1-(3,4-dimethoxyphenyl)propane and so on. 

65 The (3) (R)-1-(2.2-di-Ci-4 alkyM,3-benzodioxol-5-yl)-2-substituted propane derivative includes, for ex- 
ample, (R)-1 -(2,2-dimethy 1-1 .3-benzodioxol-5-yl)-2-propanol, (R)-[1 -methyl-2-(2,2-dimethyl-1 ,3-benzodioxol- 
5-yl)ethy I p-toluenesulfonate], (R)-[1 -methyl-2-(2,2-dimethyl-1 .3-benzodioxol-5-yl)ethyl methanesulfonate]. 
(R)-2-chloro-1 -(2.2-dimethyl-1 ,3-benzodioxoi-5-yl)propane, (R)-2-bromo-1 -(2.2-dimethyl-l .3-l)enzodioxoi-5- 
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yt) propane, etc. 

As examples of the (4) (R)-l-[2,2-bls(C2-5 aIkoxycarbonyl)-1.3-ben2odloxoh5-ylh2-substltuted propane 
derivative, there may be mentioned (RHdimethyi 5-(2-hydroxypropyl)-1.3-benzodioxole-2,2-dicarboxylate], 
(R)-[diethyl 5-(2-hydroxypropyl)-1.3-benzodioxole-2,2-cficarboxylate],(RHdimethyl 5-[2-(p-toluenesuh 

5 fonyloxy)propyll-1.3-ben20dloxole-2^-dicartx)xylatel, (R)-[diethyl 5-[2-(p-toluene3ulfonyloxy)propylh1,3-ben- 
zodioxote-2,2-dicarboxylate], {RHdimethyl 5-[2-(methanesulfonyloxy)propyl]-1,3-benzodioxole-2,2-dicart>ox- 
ylate], (R)-[dlethyl 5-[2-(m8thanesuffonyloxy)propyl]-1,a-ben2odioxol©-2,2-dlcarboxyiatel, (RHdimethyi 5-(2- 
chtoropropyl)-1 ,3-benzodiaxole-2.2-dicartx>xylat0],(R)-[diethyl 5-(2-chloropropyl)-1 ,3-benzodioxole-2.2-dicar- 
boxylate], (R)-[dlmethyl 5-(2-bromopropyl)-1 ,3-benzodioxole*2,2-dicartx>xylate], (RHdiethyl 5-(2- 

10 bromopropyl)-1 .3-ben20dioxole-2^-dicarboxyIat6] and the like. 

Examples of the (5) (R)-1-(2,2-dlcart>oxy-1,3-benzodioxol-5-yl)-2-substituted propane derivative include 
(R)-[disodium 5-[2-(hydroxypropyl)-1 .3*benzodioxole-2,2-dicarboxylate], (R)-[disodium 5-(2-(p-toluenesul- 
fonyloxy)propyl]-1 ,3-ben2odioxole-2,2-dicarboxylate], (RHdisodium 5-[2-(methanesulfonyloxy) propyl]-! ,3- 
benzodioxole-2.2-dicarboxylate]. (R)-[disodium 5-(2-chloropropyl)-1,3-benzodioxole-2.2-dlcariX)xylate], (R)- 

76 [disodium 5-(2-bromopropyl)-l ,3-bensodioxole-2,2-dicarboxylate] and others. 

The (R)-1-phenyl-2-substituted propane derivative of the general formula (VII) can be prepared by a 
variety of methods, for example, those mentioned in the (S)-1-phenyl-2-substituted derivative of the general 
formula (I) can be referred, and the object compound of the formula (Vil) can advantageously be produced 
with the use of an action of a microorganism or a preparation thereof. 

20 For example, the (R)-1-phenyl-2-substttuted propane derivative shown by the general formula (VII) 
where X is a hydroxyl group, that Is the compound of the formula (Vil*), can readily be obtained by 
permitting a microorganism or a preparation thereof to act on the phenylacetone derivative of the general 
formula (II) to asymmetrically reduce and harvesting or recovering the product optically active (R)-1-phenyl- 
2-substituted propane derivative. 

25 Any strain of microorganism tiiat is capable of asymmetrically reducing the phenylacetone derivative of 
the general formula (II) to produce the optically active (R)-1-phenyl*2-substituted propanol derivative (VIP) 
can be used In the method. 

Examples of such microorganism include a strain of microorganisms belonging to the genus Cor— 
ynebacterium, the genus Xanthomonas, the genus Micrococcus^ the genus Botryoascus and the genus 

30 Candida. 

(75) The strain of microorganism belonging to the genus Corynebacterium includes Corynebacterium 
variabilis JCM 2154» etc. 

(76) The strain of microorganism belonging to tiie genus Xanthomortas includes Xanthomonas sp. IFO 
3085, etc. 

35 (77) The strain of microorganism belonging to the genus Micrococcus includes Micrococcus luteus 
AHU 1427. etc. 

(78) The strain of microorganism belonging to the genus Botryoascus includes Botryoascus syn- 
aedendrus IF0 1604, etc. 

(79) The strain of microorganism belonging to tiie genus Candida includes Candida parapsllosis IFO 
40 0585, etc. 

For producing the optically active (R)-1-phenyl-2-substituted propane derivative of the formula (VII). any 
of wild strains, mutants and recombinant strains which can be obtained by a genetic engineering technique 
such as cell fusion or gene manipulation can preferably be employed, as far as having the at>ove mentioned 
ability or capability. 

4$ the strains of microorganisms each designated by IFO, JCiV^ or AHU numbers can be available from 
the above-identified organizations. 

The cultivation of the microorganism, asymmetric reduction and recovery of the reaction product can be 
conducted by similar manners as in the production of the (S)-1-phenyl-2-substituted propane derivative of 
the genera) formula (111). 

so In the (R)-l-phenyl-2-substituted propane derivative of the general formula (VII), R^ and R^ can be 
converted from one substituent to anotiier by a conventional manner simllariy In the compound (I). 

The (R)-1-phenyl-2-substituted propane derivative of the formula (VII) may be converted to the (S)-1- 
phenyl-2-substituted propane derivative of the formula (I) by, for example, subjecting the (R)-enantiomer to 
nucleophilic substitution reaction accompanied with a steric inversion. Such reaction can be conducted with 

55 the use of a nucleophilic reagent for Introducing X or a group convertible to X to produce a sterically 
inverted (S)-enantiomer. 

The (R)-1 -phenyl-2-substituted propane derivative where X is a hydroxyl group, that is, the compound 
of the general formula (Vil*) can easily be converted to the (S)-1'phenyl-2*substituted propane derivative of 
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the general formula (I) wherein X Is a hydroxyl group or a halogen atom, namely, the compound shown by 
the general formula (VIII) by selecting an reagent a catalyst and reaction conditions from a suitable range 
wherein the reaction is proceeded with steric inversion. For example, the reaction can be carried out in 
accordance with the following scheme: 

5 



10 




(VII*) (VIII) 

in the general formula (VIII), represents a hydroxyl group or a halogen atom. The halogen atom 
includes halogen atoms as mentioned above. 

The conversion of the compound of the general formula (Vir) to the compound of the general formula 
20 (VIII) wherein is a hydroxyl group can be carried out by, for example, the following method according to 
Mitsunobu reaction. 

The (S)-1-phenyl-2-substituted propane derivative of the general formula (VIII) wherein X^ is a hydroxyl 
group can be obtained by allowing an organic acid to react with the compound of the general formula (Vll*) 
in the presence of triarylphosphine (e.g. triphenylphosphine. etc.) and an azodicarboxylic acid ester such as 

25 ethyl azodicartx)nate to form the sterically inverted corresponding organic acid ester, and hydrolyzing the 
resulting ester. The organic acid includes, for example, formic acid, acetic acid, trichloroacetic add. 
trifluoroacetic acid. t>enzoic acid and the like. The formation of the organic acid ester may be conducted, for 
example, at a temperature of about -60 *C to 60*0. The reaction may be carried out in an inert solvent 
such as an aromatic hydrocarbon (for example, benzene, toluene and so on) and an ether (e.g. 

30 tetrahydrofuran, etc.). The proportions of triarylphosphine, organic acid and azodicarboxylic acid ester 
based on 1 mole of the compound of the general fomnula (Vll*) are respectively about 0.7 to 2.0 moles. The 
hydrolysis of the organic acid ester can be conducted by a conventional manner such as acid*hydrolysis or 
alkali-hydrolysis. 

Such method utilizing Mitsunobu reaction wherein an optically active alcohol is sterically inverted to the 
3S corresponding optically active alcohol may refer to methods or those analogous thereto described, for 
example, in Syntiiesis, 1 (1981); Tetrahedron Lett., 1619 (1973); and Bull. Chem. Soc. Jpn., 44, 3427 
(1971). and these descriptions can be incorporated to the present specification. 

For the conversion of the optically active alcohol to the corresponding enantiomer, following methods 
can also be applied: 

40 (a) the method comprising esterifying an optically active alcohol to a carboxylic acid ester such as 
trichloroactic acid ester, and hydrolyzing the rsultant carbosylic acid ester, in a water-ether solvent such 
as 75% H2C)-dioxane, can also be applied (see Chem. Lett., 1976 , 893), and 

(b) the method which comprises (a) converting an optically active alcohol to a sulfonic acid ester such as 
p-toluenesulfonic acid ester, (b) allowing an organic acid salt such as tetraethylammonium acetate and 
45 sodium acetate (-acetic acid) to react with the resulting sulfonic acid ester to sterically invert to the 
corresponding organic acid ester, and (c) hydrolyzing the resultant organic acid ester (J. Am. Chem. 
Soc, 87. 3682, (1965); and J. Chem. Soc.. 1954 , 965). 

The (S)-1-phenyh2-substltuted propane derivative of the general formula (VIII) wherein X' is a halogen 
atom Ccun be prepared from the compound of the formula (Vir) by choosing a reagent, a catalyst, a solvent. 
50 and other reaction conditions from an adequate range as far as the reaction may be conducted with 
sterically Inverting. 

The conversion of the compound of the general formula (Vll') to the compound of the general formula 
(VIII) wherein X^ is a halogen atom can be carried out, for example, by the following procedure (J. Chem. 
Soc. 1709 (1953); and J. Chem. Soc, 3795 (1954)). 
55 The reaction can t^e carried out by allowing a halogenating agent such as phosphorus pentachloride, 
phosphorus pentabromide. thionyl chloride and thionyl bromide to react with the compound of the general 
formula (Vll*) in the presence of a base such as the inorganic base (e.g. calcium carbonate) and the organic 
base as mentioned above to invert the compound sterically. The halogenation may be carried out, for 
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instance, at about -20*0 to 150*C. The reaction may bs conducted in an inert solvent such as an aromatic 
hydrocart)on (for Instance, benzene, toluene and the like) and a halogenated hydrocarbon (e.g. methylene 
chloride, chloroform and so on). Where thionyl chloride or thionyl bromide is employed, the reaction may 
frequently be carried out in the presence of a base as exemplified above, or an organic base may 

5 frequently be used as the solvent to improve the inversion rate. Examples of such organic base include 
amines such as triethylamine. N.N-dimethyianiline and N-methylplpendine; and nitrogen-containing 
heterocyclic compounds such as pyridine and picoline. 

The proportion of the halogenating agent relative to 1 gram equivalent of the (R)-1-phenyi-2-propanol 
derivative of the general formula (VII*), Is, for example, about 0.9 gram eqtnvalent or more, and preferably 

10 about 0.9 to 1.5 gram equivalents. A reaction accelerator such as sodium chloride, sodium bromide and 
N.N-dimethylformamlde may be added to the reaction system in order to proceed the reaction steadily or 
smoothly. 

For the conversion of the (R)-1-phenyl-2-substituted propane derivative of the general formula (Vir) to 
the (S)-1-phenyl-2-substituted propane derivative of the general formula (1) where X is a halogen atom, the 
76 following descriptions in literatures can also be referred and incorporated into the present specification: 

(1) the method allowing a methanesulfonyl halide (e.g. methanesuifonyl chloride) to react with an 
optically active alcohol in the presence of a base and lithium halide such as lithium chloride (J. Org. 
Chem., 56,2769 (1991)), 

(2) the method comprising allowing a p-toluenesutfonyl halide (e.g. p-toluenesulfonyi chloride) to react 
20 with an optically active alcohol in the presence of a base to produce a p-toluenesuKonic acid ester and 

allowing the resultant ester to react with a tetraalkylammonium halide such as tetraalkylammonium 
chloride (Tetrahedron Lett.. 3425 (1990)). 

(3) the metiiod allowing an N.N-dialkyl-1,2,2-trihalovinylamine (e.g. N.N-dietiiyi-1 .2.2-trichlorovinylamine) 
to react with an optically active alcohol (J. Am. Chem. Soc., 82. 909 (I960)), 

25 (4) the method where a tetraalkyl-a-halogenoenamine (for instance, tetramethyl-a-chloroenamine) to react 
with an optically active alcohol (Tetrahedron Lett., 30. 3077 (1989)). 

(5) the method allowing gaseous hydrochloric acid to react with a mixture of an optically active alcohol 
and nitrile to convert a halogenated compound via an imidate (J. Am. Chem. Soc., 77, 2341 (1955); Ber. 
Deutsch Chem. Ges., 92. 370 (1959); and Tetrahedron Lett., 2517 (1970)). 
30 (6) the metiiod where a carbon tetrahalide such as carbon tetrachloride and carbon tetrabromide is 
allowed to react with an optically active alcohol in the presence of triphenylphosphine (J. Org. Chem., 56, 
3009 (1991); and Chem. Ind (London), 1017 (1969)), 

(7) the method allowing an azodicarboxylic acid ester such as ethyl azodicarbonate. and a methyl halide 
such as methyl bromide to react with an optically active alcohol in the presence of triphenylphosphine 

35 (Tetrahedron, 39, 2591 (1983)). 

(8) the metiiod allowing a zinc halide (e.g. zinc chloride), an azodicarboxylic acid ester (for instance, 
ethyl azodicarbonate) and triphenylphosphine to react with an optionally active alcohol (J. Org. Chem., 
49. 3027 (1984); Tetrahedron Lett.. 28, 4199 (1987); and Herb. Chem. Acta. 32, 184 (1949)), 

(9) the method which comprises allowing a 2-dialkylamino N.N'-diphenyl-1,3.2-diazaphosphorane such as 
40 2-dimethylamino N,N'-diphenyl-1.3,2-diazaphosphorane to react with an optically active alcohol to pro- 
duce a corresponding 2-alkoxy N,N*-diphenyM,3,2-diazaphosphorane and allowing a halogenating agent 
(e.g. sulfuryl chloride, bromine, methyl iodide, etc.) to react with the resulting compound (Tetrahedron 
Lett., ^. 441 1 (1 982)), and 

(10) tiie method where 3-alkyl-2-fluorobenzothiazolium tetirafluoroborate such as 3-etiiyl-2-fluoroben- 
45 zothiazolium tetrafluoroborate to react with an optically active alcohol in the presence of a metal halide 

such as sodium chloride, sodium bromide, sodium iodide, lithium chloride, lithium bromide and lithium 
iodide (Chem. Lett., 619 (1976)). 

The obtained (S)-i-phenyl-2*substituted propane derivative of the general formula (VIII) is an specifically 
important Intermediate for production of the (R.R)-1-phenyl-2-[(2-phenyl-1-methylethyl)amino]ethanol deriva- 
50 tive. Accordingly, the (R)-l-phenyl-2-substituted propane derivative of tiie general formula (VII) of the 
present invention Is remarkably usable as an intermediate material for the (S)-1-phenyl-2-substituted 
propane derivative. 

The methods for conversion of the (R)-l-phenyl-2-substituted propane derivative of the general formula 
(VII) to the (S)-1-phenyh2-substituted propane derivative of the general formula (I) can also be applied to 
55 the conversion of the corresponding (S)-enantiomer to the (R)-enantiomer. 

The following examples are intended to illustrate the invention In further detail and should by no means 
be construed as delimiting the scope of the invention. 
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EXAMPLES 

The quantitative determination and optical purity determination of 1*(3,4-dimethoxyphenyl)-2-propanol in 
the reaction mixture were carried out by subjecting the reaction mixture to high performance liquid 
5 chromatography using an optical resolution column (column: Chiralcel OF (trade name), Daicel Chemical 
Industries, Ltd.; solvent: n-hexane/2-propanol = 90/10; flow rate: 1 ml/min.; temperature; 40 ^C; wavelength: 
220 nm). 

Examples 1 to 139 [Production of (S)-1-(3.4-dimethoxyphenyl>-2-propanol] 

10 

YM Medium (0.3% by weight of yeast extract, 0.3% by weight of malt extract, 0.5% by weight of 
peptone, 2% by weight of glucose, pH 6.0) was used for strains of microorganism belonging to yeasts, and 
PM medium (2% by weight of glucose, 0.3% by weight of peptone. 0.5% by weight of yeast extract, 0.3% 
by weight of meat extract 0.2% by weight of ammonium sulfate, 0.1% by weight of potassium dihydrogen- 
75 phosphate, 0.05% by weight of magnesium sulfate, pH 7.0) was used for strains of microorganism 
belonging to bacteria 

A test tube of diameter of 21 mm was charged with 5 ml of the above mentioned medium respectively. 
After sterilization, the tube was inoculated with one of the following microbial strains. The inoculated tube 
was incubated under shaking at 30 * C for 24 hours. 
20 Example 1: Sphingobacterium sp. IFO 13310 

Example 2: Aeromonas hydrophiia subsp. proteofytiga IFO 13287 

Example 3: Agrobacterfum radiobacter IF0 12664 

Example 4: Aureobacterium testaceum IFO 12675 

Example 5: Bacillus cereus AHU 1355 
25 Example 6: Cetlulomonas flavigena IFO 3754 

Example 7: Chromobacterium iodinum IFO 3558 

Example 8: Corynebacterium aquaticum IFO 12154 

Example 9: G/uconobacter oxydans IFO 3255 

Example 10: Jensenia canicruria IFO 13914 
so Example 11: Comamonas acidovorans IFO 13582 

Example 12: Pseudomonas fluorescens IFO 3081 

Example 13: Pseudomonas putida IFO 3738 

Example 14: Aiternaria japonica IFO 5244 

Example 15: Amanita citrina IFO 8261 
35 Bcample 16: Aspergillus awamal nakazawa IFO 4033 

Example 17: Aspergillus ficuum IFO 4018 

Example 18: Aspergillus niger AHU 7105 

Example 19: Aspergillus niger IFO 5374 

Example 20: Cochliobolus miyabeanus IFO 6631 
40 Example 21: Corynespora cassifcola IFO 6724 

Example 22: Dactylium dendroides ATCC 46032 

Example 23: Drechslera avenae IFO 6636 

Example 24: Echinopodospora jamalcensis IFO 9819 

Example 25: Gelasinospora cerealis IFO 6759 
45 Example 26: Gonatobotryum apiculatum IFO 9098 

Example 27: Helminthosporlum sigmoideum var. irregulare IFO 5273 

Example 28: Mortierella isabeilina IFO 6336 

Example 29: Paecilomyces variotii IFO 4855 

Example 30: Phialophora pedrosoi IFO 6071 
50 Example 31 : Phytophthora capslcl IFO 8386 

Example 32: Podospora carbonaria IFO 30294 

Example 33: Rhizomucor puslilus IFO 4578 

Example 34: Septoria glycines IFO 5294 

Example 35: Sporormiefia isomera IFO 8538 
55 Example 36: Stemphylium sarciniforme IFO 7243 

Example 37: Talaromyces flavus var. flavus IFO 7231 

Example 38: Torula jeanselmei IFO 6857 

Example 39: Ustilago cynodontis IFO 7530 
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Example 40: Westerd^eiia muMspmt IFO 5813 
Example 41: Ambrosiozyma cicatricosa IFO 1846 
Example 42: Ambrosiozyma monospora tPO 1965 
Example 43: Dekkera custersianus IFO 1585 

5 Example 44: Candida aaseri IFO 10104 

Example 45: Candida atomspherica IFO 1969 
Example 46: Candida beechii IFO 10229 
Example 47: Candida diversa IFO 1091 
Example 48: Candida ergatensis IFO 10233 

10 Example 49: Candida fluviatilis IFO 10234 
Example 50: Candida fusifomate IFO 10225 
Example 51: Candida giabrata IFO 0622 
Example 52: Candida gropengiesseri IFO 0659 
Example 53: Candida halonitratophiia IFO 1595 

75 Example 54: Candida inconspicua IFO 0621 
Example 55: Candida kefyr DSM 70073 
Example 56: Candida krusei DSM 70075 
Example 57: Candida iambica DSM 70090 
Example 58: Candida mogii IFO 0436 

20 Example 59: Candida maitosa IFO 1978 

Example 60: Candida meiibiosica IFO 10238 
Example 61: Candida membranaefaciens IFO 1246 
Example 62: Candida oieophiia JCM 2444 
Example 63: Candida parapsiiosis IFO 1022 

25 Example 64: Candida pintoiopesii var. pintolopesii IFO 0729 
Example 65: Candida pseudointermedia IFO 1693 
Example 66: Candida catenuiata DSM 70136 
Example 67: Candida rugosa IFO 0591 
Example 68: Candida saitoana IFO 0768 

30 Example 69: Candida sake IFO 1149 

Example 70: Candida nataiensis IFO 1981 
Example 71: Candida salmanticensis IFO 10242 
Example 72: Candida santamariae IFO 1982 
Example 7Z: Candida schatavii IFO 10258 

35 Example 74: Candida shehatae IFO 1983 

Example 75: Candida siivanorum IFO 10419 
Example 76: Candida sorbophiia IFO 1583 
Example 77: Candida tenuis IFO 10315 
Example 78: Candida utilis IFO 0396 

40 Example 79: Candida utilis IFO 0988 

Example 80: Candida albicans IFO 0759 
Example 81: Clavispora lusitaniae IFO 1019 
Example 82: Cryptococcus humicoius IFO 0760 
Example 83: Cryptococcus neoformans lAM 4788 

45 Example 84: Debaryomyces varijiae DSM 70252 
Example 85: Galactomyces reessii IFO 1112 
Example 86: Filobasidium capsuligenum IFO 1119 
Example 87: Geotrichum candidum IFO 4598 
Example 88: Geotrichum fermentans JCM 2467 

50 Example 89: Geotrichum fragrans JCM 2450 

Example 90: Hansenula polymorpha ATCC 26012 
Example 91: Hansenuia capsuiata DSM 70269 
Example 92: Hansenula glucozyma DSM 70271 
Example 93: Hansenula wickerhamii DSM 70280 

55 Example 94: Issatchenkia scutulata var. scutulata IFO 10070 
Example 95: Kloeckera africana IFO 0869 
Example 96: Kluyveromyces lactis IFO 0433 
Example 97: Kluyveromyces marxianus DSM 70800 
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Example 98: Kluyveromyces potysporus DSM 70294 

Example 99: Leucosporidium scottii IFO 1924 

Example 100: iodc/eromyces e/ong/spo/V5 IFO 1676 

Example 101: Metschnikowla bicuspidata IFO 1408 
5 Example 102: Metschnikowia puicherrima DSM 70336 

Example 103: Metschnikowla reukaufii DSM 70880 

Example 104: Myxozyma Ifpomycofdes IFO 10350 

Example 105: Oosporidium margaritiferum IFO 1208 

Example 106: Pachysolen tannopMus IFO 1007 
10 Example 107: Pichia cellobiosa DSM 2147 

Example 108: Pichia farinosa IFO 1163 

Example 109: Pichia iindnerii DSM 70718 

Example 110: Pichia ohmeri DSM 70815 

Example ill: Pichia thermotoierans IFO 10025 
75 Example 112: Pichia pastoris DSM 70382 

Example 113: Pichia trehalophiia DSM 70391 

Example 1 14: Pichia carsonii DSM 70392 

Example 115: Pichia subpeiliculosa IFO 0808 

Example 116: Malassezia furfur \FO 0656 
20 Example 117: Rhodosporidium diobovatum IFO 1830 

Example 118: Rhodosporidium toruioides IFO 1638 

Example 119: Kondoa malvinella IFO 1936 

Example 120: Rhodotoruia giutinis AHU 3454 

Example 121: Rhodotoruia rubra IFO 0383 
25 Example 122: Saccharomyces rouxii lAM 0487 

Example 123: Octosporomyces octosporus IFO 0353 

Example 124: Sporidiobolus Johnsonii IFO 6903 

Example 125: Sporidiobolus pararoseus IFO 1 104 

Example 126: Sporidiobolus salmonicotor IFO 1845 
30 Example 127: Sporobolomyces pararoseus IFO 1036 

Example 128: Sporopachydermia lactatlvora IFO 1867 

Example 129: Sterigmatomyces elviae DSM 70852 

Example 130: Torulaspora delbrueckii IFO 0381 

Example 131: Torulopsis nemodendra DSM 70647 
35 Example 132: Trigmopsis variabilis IFO 0755 

Example 133: Wickerhamla fiuorescens DSM 70715 

Example 134: WIckerhamiella domercquii IFO 1857 

Example 135: Wingea robertsii IFO 1277 

Example 136: Zygoascus heiienicus IFO 1575 
40 Example 137: Zygosaccharomyces bailli IFO 0468 

Example 138: Zygosaccharomyces bisporus DSM 70415 

Example 139: Zygozyma oligophaga IFO 10360 

The cells were isolated by centrifuging and suspended In 1 ml of 0.1 M phosphate buffer (pH 7.0) 
containing 0.5% by weight of 3.4-dimethoxyphenylacetone and 5% by weight of glucose. A test tube of 21 
45 mm diameter was charged with the suspension and reaction was conducted on a reciprocating shaker at 
30 • C for 48 hours. 

After completion of the reaction, the reaction suspension was added with a small amount of sodium 
chloride and extracted with 5 ml of n-hexane. The n-hexane extract was subjected to determination and the 
optical purity and the yield of the product 1-(3,4-dimethoxyphenyl)-2-propanol were determined. The results 
50 are set forth in Tables 1 to 7. 
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Table 1 



Example No. 


{Sy^ •{3,4-dimethoxypheny l)-2-propanol 




rietd (%) 


Optical purity (% e.e.) 


T 


39.5 


29.1 


2 


29^ 


94.6 


3 


10.9 


91.8 


4 


42.0 


94.3 


5 


18.8 


92.7 


6 


16.2 


77.2 


7 


11.7 


23.0 


8 


43.0 


47.9 


9 


20.3 


98.6 


10 




92.0 


11 


10.3 


90.2 


12 


14.1 


77.0 


13 


10.0 


94.5 


14 


10.8 


80.9 


15 


12.4 


85.6 


16 


13.8 


79.8 


17 


10.0 


98.6 


18 


15.0 


83.3 


19 


15.2 


80.4 


20 


15.6 


67.3 


Table 2 


Example No. 


(S)-1 -(3,4-dimethoxypheny l}-2-propanol 




Yield (%) 


Optical purity (% e.e.) 


21 


11.2 


88.9 


22 


13.8 


92.4 


23 


11.0 


95.8 


24 


21.0 


98.0 


25 


26.0 


94.4 


26 


13.8 


67.0 


27 


14.8 


98.3 


28 


17.2 


98.2 


29 


32.0 


93.9 


30 


11.4 


84.9 


31 


28.4 


96.7 


32 


10.6 


82.4 


33 


15.0 


92.0 


34 


12.8 


91.0 


35 


12.8 


64.2 


36 


13.2 


69.7 


37 


15.0 


93.9 


38 


26.4 


25.9 


39 


11.8 


94.7 


40 


18.2 


72.2 
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Table 3 
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Example No. 


(S)-1 -(3,4-dimetho}(yphenyl)-2-propanol 


Yield 




41. 


28.4 


98.8 


42 


22.2 


97.0 


43 


12.2 


95.6 


44 


43.4 


97.7 


45 


24.6 


93.8 


46 


19.0 


92.0 


47 


14.9 


66.2 


48 


37.5 


38.3 


49 


34.3 


69.4 


50 


15.4 


79.0 


51 


18.5 


93.3 


52 


21 .4 


66.7 


53 


15.8 


76.9 


54 


10.6 


77.5 


55 


35.2 


99.2 


56 


17.2 


66.2 


57 


47.1 


98.6 


58 


19.2 


80.2 


59 


21 .9 


19.1 


60 


15.7 


96.2 



Table 4 

30 



35 



50 



Example No. 


(S)-1-(3,4-dimethoxyphenyI)-2-propanol 


Yield (%) 


Optical purity (% e.e.) 


61 


40.8 


81.6 


62 


25.2 


76.4 


63 


22.4 


85.0 


64 


10.7 


84.2 


65 


10.7 


57.0 


66 


10.3 


89.3 


67 


21 .6 


89.3 


68 


21.5 


98.2 


69 


69.1 


96.9 


70 


12.9 


20.6 


71 


10.5 


79.5 


72 


38.6 


84.9 


73 


23.6 


83.0 


74 


18.4 


83.0 


75 


37.7 


92.3 


76 


10.4 


83.6 


77 


10.1 


65.3 


78 


26.3 


96.9 


79 


42.9 


97.6 


80 


34.2 


87.0 
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Tables 



Example No. 


(S)-1 -(3.4<limethoxyphenyl)-2-propanol 




Yield (%) 


Ooticat Duritv ^% bb\ 


81 


69.5 


94.2 


82 


16.7 


77.8 


83 


13.8 


97.2 


84 


25.5 


98.3 


85 


24.1 


99.2 


86 


29.8 


99.1 


87 


12.3 


99.4 


88 


18.0 


95.0 


89 


17.5 


98.2 


90 


66.1 


97.3 


91 


34.0 


99.0 


92 


44.7 


86.6 


93 


25.8 


76.5 


94 


10.2 


75.5 


95 


14.8 


53.0 


96 


27.9 


96.4 


97 


40.9 


93.0 


98 


22.1 


92.2 


99 


35.0 


95.9 


100 


33.8 


62.1 


Table 6 


Example No. 


(SH -(3.4-dimethoxy phenyl)-2-propanol 




Yield (%) 


Optical purity (% e.e.) 


101 


39.6 


79.4 


102 


25.6 


90.9 


103 


13.1 


78.6 


104 


38.4 


99.0 


105 


14.8 


52.9 


106 


24.6 


96.3 


107 


15.4 


78.6 


108 


34.9 


92.8 


109 


71 .3 


97.9 


110 


17.0 


76.9 


111 


16.9 


97.4 


112 


71.3 


97.9 


113 


28.2 


97.8 


114 


19.3 


90.1 


115 


13.3 


98.5 


116 


13.9 


78.2 


117 


29.9 


96.4 


118 


86.3 


98.4 


119 


23.7 


77.0 


120 


10.4 


96.8 
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Table 7 
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Example No. 


(S)-1 -(3,4-dimethoxy pheny l)-2-propanol 


Yield 




121 


24.0 


73.9 


122 


33.0 


97.7 


123 


58.8 


69.2 


124 


64.4 


97.4 


125 


12.6 


94.8 


126 


18.3 


94.3 


127 


19.9 


95.2 


128 


38.4 


99.0 


129 


28.7 


78.0 


130 


57.1 


98.3 


131 


10.0 


85.3 


132 


11.3 


85.9 


133 


27.9 


100 


134 


16.4 


92.3 


135 


10.4 


95.2 


136 


34.2 


94.8 


137 


11.5 


93.9 


138 


23.4 


93.2 


139 


32.6 


96.3 



Example 140 [Production off ($)-1-(3,4-difnethoxyphenyl)-2-propanoll 

30 A 2.6-titer mini jar ffermenter was charged with 1 .5 liter of YM media of the same composition as 
mentioned in Examples 1 to 139. After sterilization with the use of an autoclave, the fermenter was 
inoculated with Torulaspora delbrueckii IFO 0381 , and the inoculated fermenter was incubated at 30 * C. 
under aeration at 1 wm, with stirring at 400 rpm for 24 hours. After completion of inculcation, the cells were 
concentrated by centrifuging. 

35 A 2.6-lrter mini far fermenter was charged with 1 liter of 0.1 M phosphate buffer (pH 7.0) and the 
obtained cells were suspended therein. To the suspension was added 5 g of 3,4-dimethoxyphenyIacetone 
and 50 g of glucose, and the reaction was carried out at 30 'C. under aeration at 1 wm. with stirring at 400 
rpm for 48 hours. 

After completion of the reaction, the cells were removed off by centrifuging, and the obtained 
40 supernatant was added with 400 g of sodium chloride, and extracted with 1 liter of ethyl acetate three times. 
The ethyl acetate extract was dried over anhydrous sodium sulfate, and the solvent was removed under 
reduced pressure to give 3.1 g of an oily substance. The oily substance was purified with the use of silica 
gei chromatography (eluent n-hexane/etiiyl acetate = 7/3) to give 2.7 g of crystalline (S)-H3,4-dimethox- 
yphenyl)-2-propanol (m.p.: 51 'C). The specific rotation of the compound was [a^° +28,3* (c = 1.06. 
45 chloroform). As a result of analyzing the compound by high performance liquid chromatography using an 
optical resolution column (column: Chiralcel OF (trade name), Daicel Chemical Industries, Ltd.), the optical 
purity thereof was 100% e.e. 

^H-NMR (270 MHz, CDCI3) 5: 1.24 (d. 3H). 1.72 (br, s. 1H). 2.66 (m. 2H), 3.86 (d, 6H). 3.99 (m, 1H), 
6.76 (m, 3H) 

60 IR (cm-^): 3400, 2880. 1516, 1460, 1260, 1240, 800 

The absolute configuration of the obtained 1-(3,4-dimethoxyphenyl)-2-propanol was determined by the 
following manner. 

The 1-(3,4-dlmethoxyphenyl)-2-propanol obtained above was subjected to sulfonyiation by p-toluenesul- 
fonyl chloride and reacted with benzylamine to give N-benzyl-3,4-dimethoxyamphetamine, The resultant 
66 compound was converted into 3,4-dimethoxyamphetamine by hydrogenation decomposition under hydrogen 
atmosphere with 5% Pd-C. 

As a result of the determination of the obtained 3,4-dimethoxyamphetamlne, the specific rotation thereof 
was [a]g^ -26.5* (c=4.58. chloroform). 
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To an ethanol solution of the 3,4-dimethoxyamph6tamin6 was added an equivalent annount of (half time 
as much mole of) concentrated sulfuric acid to yield 3,4-dlmethoxyamphetamine*1/2H2S04 as crystals. The 
specific rotation of the sulfuric acid salt was [alg^ -19.03* (c = 2.27, KbO). The obtained 3,4-dimethoxyam- 
phetamine was determined as an (Reform since the values in a literature (J. Org. Chem.. 33 (1957)) are 
5 as follows. 

(R)-3.4-dimethoxyamphetamine: 

[a]D -30.9 • (c = 4.1 3, chloroform) 

(R)-3.4-dimethoxyamphetamine« I/2H2 SO* : 

[alD-21.4* (c«2.0.H2O) 

10 Since the reaction where 3,4-dlmethoxyam phetamine is produced from 1 -(3,4-dimethoxy phenyl)-2- 
propanol is accompanied by inversion, the 1-(3,4-dlmethoxy phenyl) -2-propanol obtained above was proved 
to be an (S)-enantiomer. 

Example 141 [Production of (S)'I2-(3,4-dimethoxyphenyl)-1-methylethyl p-toluenesulfonate] 

IS 

To a solution of 404 mg of (S)-1-(3,4-dimethoxyphenyl)-2-propanol in 2 mi of pyridine was added 472 
mg of p-toluenesulfonyl chloride under nitrogen atmosphere on an ice bath. The mixture was stirred at 
20 *C for 17 hours. Granules of ice were added to the mixture to cease the reaction, and the reaction 
mixture was stirred for further 30 minutes. The reaction mixture was acidified by adding 2N hydrochloric 
20 acid and was extracted twice with 20 ml of chloroform. The organic extract was washed with a saturated 
aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate, distilled off the solvent to 
give 716 mg of (S)-[2-(3.4-dimethoxyphenyi)-1-methylethyl p-toluenesulfonate] as white crystals (yield: 
98%). Analysis of the compound by high performance liquid chromatography using an optical resolution 
column (column: Chiralcel OF (trade name), Oaicel Chemical Industries, Ltd.) revealed that the optical purity 
25 thereof was 100% e.e. 

m.p.: 62.4 to 62.8*0 

tag' +20.6* (c = 1.0. chloroform) 

IR (KBr) (cm-^): 3044. 2995. 2937. 1594. 1517. 1357, 1346, 1262, 1243, 1187. 1178, 1169, 1157. 1142, 
1029, 913, 889, 854, 806. 766, 666, 578, 558 
30 ^H-NMR (500 MHz, CDCb) 5: 1.34 (d, 3H), 2.41 (s, 3H). 2.73 (dd, 1H). 2.83 (dd. 1H), 3.76 (s. 3H), 3.86 
(s, 3H), 4.70 (m, 1H), 6.47 (d, 1H), 6.59 (m, 1H). 6.69 (d. 1H), 7.24 (d. 2H), 7.57 (d. 2H) 

^30NMR (125 MHz, CDCI3) «: 20.74. 21.49. 42.48. 55.54. 55.76. 80.88. 110.90, 112.21, 121.44, 127.48, 
128.80, 129.41, 133.48, 144.19, 147.81, 148.61 

36 Example 142 [Production of (R,R)-1-(3-chlorophenyl)-2-[[2"(3.4-dimethoxyphenyl)-1-methylethyilaminoh 
ethanol] 

(R)-2-Amino-1-(3-chlorophenyl)ethanol (806 mg) was added to (S)-[2-(3,4-dimethoxyphenyl)-1- 
methylethyl p*toluenesulfonate] (700 mg) under nitrogen atmosphere, and the mixture was stirred at 60 * O 

40 for 31 hours. The reaction mixture was adjusted to alkaline by adding a 10% aqueous solution of sodium 
hydroxide, and extracted twice with 20 ml of chloroform. The organic extract was dried over anhydrous 
sodium sulfate, subjected to distilling off the solvent and to purifying with silica gel chromatography (eluent: 
chtoroform/methanol) to give 550 mg of (R,R)-1-(3-chlorophenyl)-2-[[2-(3,4-dimethoxyphenyl)-1-methylethyl> 
amino]ethanol as white crystals (yield: 79%). The NMR spectrum data are shown as follows. 

45 ^H-NMR (500MHz, CDCI3) 5: 1.09 (d, 3H), 2.08 (brs. 2H). 2.6V2.69 (m, 3H). 2.87-2.92 (m. 2H), 3.86 <s, 
3H), 3.87 (s. 3H). 4.55 (dd. 1H). 6.68 (s. IN), 6.70 (d. IN), 6.80 (d. 1H), 7.18-7.26 (m, 3H). 7.35 (s. 1H) 

^3C-NMR (125 MHz. CDCI3) 5: 20.37. 43.39, 54,09. 54.26, 55.87. 55.89. 71.11. 111.21. 112.36. 121.19, 
123.89. 125.94. 127.55. 129.61. 131.56. 134.32. 144.66. 147.57. 148.87 

The optical purity of the compound was determined by converting the compound into a corresponding 

50 cyclic urethane derivative. That is, the compound was converted into (R,R)-5-(3-chlorophenyl)-3-[2-(3,4- 
dimethoxyphenyl)-1-methylethylh2-oxazolidinone by allowing carbonyldlimldazole and N-methylmorphollne 
to react with the compound In tetrahydrofuran at room temperature for 2 hours, then heating the mixture 
under reflux for 3 hours. Analyzing the compound by high perfonmance liquid chromatography using an 
optical resolution column (column: Chiralcel AS (trade name), Daicel Chemical Industries. Ltd.). the optical 

55 purity of the compound was 90% e.e. The NMR spectrum data of the obtained cyclic urethane derivative 
are set forth hereinbelow. 

^H-NMR (500 MHz. CDCb) S: 1.26 (d. 3H), 2.67 (dd. 1H). 2.81 (dd, 1H). 3.24 (dd. 1H), 3.81 (s. 3H). 3.83 
(dd. 1H). 3.86 (s. 3H). 4.33 (ddq, 1H), 5.35 (dd. 1H). 6.63 (d. 1H). 6.70 (s, 1H), 6.73 (d. 1H), 6.91 (d. 1H), 
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7.12 (s, 1H). 722 (dd, 1H), 7J2Q (d, 1H) 

^3C-NMR (125 MHz. CDCI3) 5: 17.72. 39.71, 47.69. 49.55. 55.75. 55,79. 73.38, 111.03. 111.75. 120.76. 
123.44, 125.56. 128.73, 129.76, 130.07, 134.62, 141.14. 147.71, 148.90. 156.90 

9 Examples 143 to 147 [Production of (R)-1-(3,4-dimethoxyphenyl)-2-propanoil 

The cultivating procedures and reaction procedures were conducted In the same manner as in 
Examples 1 to 139 except for using the following strains of microorganisms. The results are shown in Table 
8. 

10 Example 143: Corynebacterfum variabilis JCM 2154 
Example 144: Xanthomonas sp. IFO 3085 
Example 145: Micrococcus luteus AHU 1427 
Example 146: Botryoascus $ynaeder)drus IFO 1604 
Example 147: Candida parapsHosis IFO 0585 

IS 

Table 8 



Example No. 


(R)-1-(3,4-dimethoxyphenyl)-2-propanoI 


Yield (%) 


Optical purity (% e.e.) 


143 


12.6 


74.9 


144 


18.6 


83.9 


145 


19.3 


53.2 


146 


20.6 


34.5 


147 


31.1 


10.6 



Example 148 [Production of (S)-1-(3.4<limethoxyphenyl)-2-propanoi] 

30 

(R>-1-(3.4-Dimethoxyphenyl)-2-propanol (0.9 g) was obtained as crystals by cultivation, reaction and 
purification in the similar manners as in Bcample 140 except that PM medium was employed instead of YM 
media and that Xar)thomonas sp. IFO 3085 was used instead of Torutaspora delbrueckil IFO 0381. The 
crystals gave the same signals in ^H-NMR analysis as in the (S)-1-(3.4-dimethoxyphenyl)-2-propanol 
3S obtained in Example 140. Further the specific rotation of the crystals was therefore, the crystals were 
proved to be (R)-1-(3,4-dimethoxyphenyl)-2-propanol. As a result of determination by high performance 
liquid chromatography with the use of a optical resolution column, the optical purity of the compound was 
85.5% e.e. 

Thus obtained (R)-1-(3,4-dimethoxyph6nyl)-2-propanol (744 mg. 3.80 mmol.), triphenylphosphtne (1196 
40 mg) and formic acfd (210 mg) were dissolved in 60 ml of tetrahydrofuran, and to the resultant solution, was 
added a solution of 794 mg of diethyl azodicarbonate in 10 ml of tetrahydrofuran. The mixture was stirred at 
room temperature for 15 hours, and reaction mixture was concentrated under reduced pressure. The 
resulting residue was subjected to purification by silica gel chromatography (eluent: n-hexane/ethyl acetate 
= 7/3) to give 595 mg of formic acid ester of (S)-1-(3,4-dimethoxyphenyi)-2-propanol. The ester was 
45 subjected to alkali-hydrolysis according to a known method and extracted with ethyl acetate, and the 
solvent was distilled off. The residue was purified by silica gel chromatography (eluent: n-hexane/ethyl 
acetate = 7/3) to give 450 mg of (S)-l-(3,4-dimethoxyphenyl)-2-propanol as crystals. The optical purity of 
the compound was 99% e.e. by analyzing by high performance liquid chromatography with the use of an 
optical resolution column. 

60 

Example 1 49 [Production of (R,R)-1 -(3-chiorophenyl)-2-[[2-(3,4-dlmethoxyphenyl)-1-methylethyl]- 
aminolethanol] 

A mixture of 57.0 g (0.163 mol) of (S)-[2-(3,4-dimethoxyphenyl)-1-methylethyl p-toluenesulfonate], 33.7 
55 g (0.196 mol) of (R)-2-amino-1-(3-chlorophenyl)ethanol, 33.7 g (0.244 mol) of anhydrous potassium car* 
bonate and 133 ml of toluene was stirred at 90*C for 48 hours under nitrogen atmosphere. The reaction 
mixture was adjusted to alkaline by adding a 10% aqueous solution of sodium hydroxide and extracted 
twice with 500 ml of toluene. The toluene extract was dried over anhydrous sodium sulfate, and subjected 
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to distillation of the solvent and to purification wltii silica gel chromatography to give 34.8 g of l-(3- 
chtorophenyl)-2-[[2-(3,4<llmethoxyphenyl)-1-methyIethyIJamino]ethanol as white crystals (yield: 61%). As a 
result of isolating and analyzing the isomers with high performance liquid chromatography using an optical 
resolution column (column: Chiralpack AD (trade name), Daicel Chemical Industries, Ltd.). the optical purity 
5 of the title compound was 86.8% [(R,R)/(R.S) = 86.8^13.2]. 

Example 150 [Production of (R.R)-1-(3-chlorophenyl)-2"[[2-(3,4-dimethoxyphenyl)-1-methylethyll amino> 
ethanol] 

10 Under nitrogen atmosphere, a mixture of 4.20 g (0.0120 mol) of (S}-[2-(3.4-dimethoxyphenyl)-1- 
methylethyl p-toluenesulfcnate], 2.47 g (0.0144 mol) of (R)-2-amino-1-(3-chlorophenyl)ethanol and 1.82 g 
(0.0180 mol) of diisopropylamine was stirred at 60*C for 48 hours. The reaction mixture was adjusted to 
alkaline by adding a 10% aqueous sokition of sodium hydroxkle and extracted twice with 500 ml of toluene. 
The toluene extract was dried over anhydrous sodium sulfate, and subjected to distillation of the solvent and 

IS to purification with silica gel chromatography to give 3.23 g of 1-(3-chIorophenyl)-2-[I2-(3,4-dimethox- 
yphenyl)-1-methylethyl]amino]ethanol as white crystals (yield: 77%). As a result of isolation and analysis of 
the isomers by high performance lk;iuid chromatography using an optical resolution column (column: 
Chiralpack AD (trade name), Daicel Chemical Industries, Ltd.), the optical purity of the objective compound 
was 92.8% [(R.R)/(R,S) = 92,8/7.21. 

20 

Example 151 [Production of (R.R)-1-(3-chlorophenyl)-2«[[2-(3.4-dimethoxyphenyl)-1-methylethyl] amino)- 
ethanol] 

To 2.5 ml of toluene, were added 701 mg (2.00 mmol) of (S)-[2-(3.4-dimethoxyphenyl)-1-methylethyl p- 
25 toluenesuifonate], 412 mg (2.40 mmol) of (R)-2-amino-1-(3-chloropiTenyl)ethanol and 207 mg (1.50 mmol) of 
anhydrous potassium cartx)nate. and the mixture was stirred at 90* C for 24 hours under nitrogen 
atmosphere. After adjusted to alkaline by adding a 10% aqueous solution of sodium hydroxide, the reaction 
mixture was extracted twice with 30 ml of toluene. The toluene extract was dried over anhydrous sodium 
sulfate and subjected to distillation of the solvent and to purification with silica gel chromatography to afford 
$0 313 mg of 1-(3-chlorophenyl)-2-[[2-(3,4<limetiioxyphenyl)-1-metiiylethyl]amino]ethanol as white crystals 
(yield: 45%). As a result of isolating and analyzing the isomers with high performance liquid chromatog- 
raphy using an optical resolution column (column: Chiralpack AD (trade name), Daicel Chemical Industries, 
Ltd.), ttie optical purity of the title compound was 88.3% [(R,R)/(R,S) = 88.3/11.7]. 

OS Example 1 52 [production of (R.R)-1 ■(3-chlorophenyl>-2-[[2>(3.4<iimethoxyph9nyl)-1 -methylethyl] 
aminolethanol] 

The procedure of Example 151 was followed except for using 415 mg (3.00 mmoi) of anhydrous 
potassium carbonate to give 431 mg of 1-(3-chIorophenyl)-2-[[2-(3,4-dimethoxyphenyl)-1-methyletiiyi]- 
40 aminojethanol (yield: 62%). The optical purity of the titie compound was 87.5% [(R,R)/(R,S) = 87,5/12.5]. 

Examples 153 and 154 [Production of (R,R)-1-(3-chlorophenyl)'2-[[2''(3,4-dimethoxyphenyl)-1'methyiethyl]- 
aminolethanol] 

45 The procedure of Example 151 was repeated except that the reaction was conducted using the solvent 
at the reaction temperature shown in Table 9. The results are set forth in Table 9. 

Table 9 





Solvent 


Reaction 


rield (%) 


Optical purity (%) 


(R,R)/(R,S) 






temperature ( • C) 








Ex. 153 


n-Octane 


90 


54 


88.3 


88.3/11.7 


Ex. 154 


Acetonitrile 


60 


32 


74.1 


74.1/25.9 
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Examples 155 and 156 [Production of (R,R)-l-(3<hlorophenyl)-2-[[2-(3.4^imethoxyphenyi)-1-memyleth^ 
aminolethanoll 

The title compound was prepared in the same manner as in Example 151 except that 5 ml of toluene 
was used and that the bases shown in Table 10 were used instead of anhydrous potassium cart>onate. The 
results are set forth in Table 10. 



Table 10 





Base 


Yield (%) 


Optica! purity (%) 


(R,R)/(R.S) (%) 


Ex. 155 


Sodium ethoxide 


44 


87.9 


87.9/12.1 


Ex- 156 


Diisopropylamlne 


65 


74.6 


74.6/25.4 



Example 157 [Production of (R,R)-1-0-chlorophenyl)-2-[[2-(3,4<limethoxyphenyl)*1-methylethyl] aminoh 
ethanol] 

Under nitrogen atmosphere, 350 mg (1.00 mmol) of (SH2-(3,4-dimethoxyphenyl>-1-methylethyl p- 
toluenesulfonate] was added to 206 mg (1.20 mmol) of (R)-2-amino-1-(3-chioropheny!)ethanol.and the 
mixture was stirred at 60* C for 24 hours. The reaction mixture was added with a 10% aqueous solution of 
sodium hydroxide to be alkaline, and extracted twice with 30 ml of toluene. The toluene extract was dried 
over anhydrous sodium sulfate, and subjected to distillation of the solvent and to purification with silica gel 
chromatography to give 187 mg of l-(3-chlorophenyi)-2-[[2-(3,4-dlmethoxyphenyl)-1-methylethyl]aminoh 
ethanol as white crystals (yield: 54%). As a result of Isolating and analyzing the isomers by high 
performance liquid chromatography using an optical resolution column (column: Chiralpack AD (trade 
name), Daicel Chemical Industries, Ltd.), the optical purity of the title compound was 95.2% [(R.R)/(R.S) = 
95.2/4.81. 

Example 158 [Production of (R.R)-1-(3'Chlorophenyl)"2*[[2-(3,4<jimethoxyphenyl)-1-methylethyl] aminoh 
ethemol] 

To 274 mg (1.00 mmol) of (S)-[2-(3,4-dimethoxyphenyl)-1-methylethyl methanesulfonate] was added 
206 mg (1.20 mmol) of (R)-2-amino-1-(3-chlorophenyl)ethanol, and the mixture was stirred at 60*C for 24 
hours. The reaction mixture was added with a 10% aqueous solution of sodium hydroxide to be alkaline, 
and extracted twice with 30 ml of toluene. The toluene extract was dried over anhydrous sodium sulfate, 
and subjected to distillation of the solvent and to purification with silica gel chromatography to give 161 mg 
of 1-(3-ch!orophenyl)-2-[[2-(3,4-dimethoxyphenyl)-1 -methylethyl]amino]ethanol as white crystals (yield: 
46%). As a result of isolating and analyzing the isomers by high performance liquid chromatography using 
an optical resolution column (column: Chiralpack AD (trade name), Daicel Chemical Industries. Ltd.), the 
optical purity of the title compound was 95.8% [(R,R)/(R,S) = 95.8/4.2]. 

Example 159 [Production of (R.R)'1'(3'Chlorophenyl)-2'[[2-(3,4-dimethoxyphenyl)-1>methylethyl] amino]- 
ethanol] 

The procedure of Example 158 was followed, except that 403 mg (2.35 mmol) of (R)-2-amino-1-(3- 
chlorophenyl)ethanol was used, to give 252 mg of 1-(3-chlorophenyl)-2-[[2-(3,4-dimethoxyphenyl)-1- 
methylethyl]amino]ethanol (yield: 72%). The optical purity of the title compound was 96.4% [{R,R)/(R,S) = 
96.473.6]. 

Example 160 [Production of (R.R)-1-(3'Chlorophenyl)-2-[[2-(3.4-dimethoxyphenyl>-1-methylethyl] amino]* 
ethanol] 

To 274 mg (1.00 mmol) of (S)-[2-(3.4-dimethoxyphenyl)-1-methylethyl methanesulfonate] were added 
206 mg (1.20 mmol) of (R)-2-amjno-1-(3-chlorophenyl)ethanol and 194 mg (1.50 mmol) of dibutylamine, and 
the mixture was stirred at 60 • 0 for 24 hours under nitrogen atmosphere. The reaction mixture was added 
with a 10% aqueous solution of sodium hydroxide to be alkaline, and extracted twice with 30 ml of toluene. 
The toluene extract was dried over anhydrous sodium sulfate, and subjected to distillation of the solvent and 
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to purification with silica gel chromatography to give 190 mg of 1-<3-chlorophenyl>-2-[[2-(3,4-dImethQx- 
yphenyl)-l*methylethyi]amino]ethanol as white crystals (yield: 54%). As a result of isolating arKJ analyzing 
the isomers by high performance liquid chromatography using an optical resolution column (column: 
Chiralpack AD (trade name), Daicei Chemical Industries, l^d.). the optical purity of the objective compound 
5 was 95^ [(FUR)^(R.S) = 95^4.8]. 

Examples 161 to 166 [Production of (R,R)-1'(3-chlorophenyl)"2-[[2-(3,4-dimetiioxyphenyl)-1-methylethyl] 
g"Tiino]ethanoll 

70 The title compound was prepared in the same manner as in Example 160, except that the reaction was 
carried out using the base, instead of dibutylamine, at the reaction temperature set forth in Table 1 1 . The 
. results are shown in Table 11. 

Table 11 

16 





Base 


Reaction 
temperature ( • C) 


Yield (%) 


Optical purity (%) 


(R.R)/(R.S) (%) 


Ex. 161 


Dibutylamine 


75 


69 


86.8 


86,8/13.2 


Ex. 162 


Triethylamtne 


60 


47 


96.9 


96.9/3.1 


Ex.163 


Pyridine 


60 


39 


98.3 


98.3/1.7 


Ex. 164 


2-Pipecoline 


60 


57 


96.0 


96.0/4.0 


Ex. 165 


N-Methylmorpholine 


60 


39 


95.9 


95.9/4.1 


Ex. 166 


N.N-Dimethy lethanolamine 


60 


44^ 


95.3 


55.3/4.7 



Example 167 [Production of (S)-[2-(3,4-dimethoxyphenyl)-1-methyiethyl mettianesulfonate] 

Under nitrogen atmosphere, to a metfiylene chloride solution (20 ml) of 4.91 g (0.025 mol) of (S)-1-(3.4- 
dimethoxyphenyl)-2-propanol and 3.79 g (0.038 mol) of triethylamine, was added dropwise a methylene 
chloride solution (10 mi) of 3.43 g (0.030 mol) of methanesulfonyl chloride under cooling witii an ice bath for 
30 minutes. The mixture was stirred for one hour, and the reaction was ceased by addition of 2N 
hydrochloric acid. The reaction mixture was extracted twice with 50 ml of methylene chloride. The 
methylene chloride extract was washed with a saturated solution of sodium chloride, dried and subjected to 
distillation of the solvent to give 6.65 g of (S)-t2-(3.4-dimettioxyphenyl)-1-methylethyl metiianesulfonate] as 
crystals (yield: 97%). As a result of the analysis by high performance liquid chromatography using an 
optical resolution column (column: Chiralpack AS (trade name), Daicei Chemical Industries, Ltd.), tiie optical 
purity of the titie compound was 100%. 

m.p.: 79.5 to 80.3 •C 

[ag^ +26.5 (c = 1.24. chloroform) 

IR (KBr) (cm-i): 3018. 2973. 2937, 2843, 1607. 1590. 1518, 1469. 1447. 1342. 1265. 1238. 1174. 1148, 
1122. 1028. 984. 918. 883, 856. 828. 801, 765. 719, 636, 546. 530. 477 

^H-NMR (500 MHz, CDCI3) B: 6.82 (d. 1H), 6.77 (dd, 1H). 6.75 (d, 1H). 4.89 (m, 1H). 3.88 (s. 3H), 3.86 
(s. 3H). 2.94 (dd. 1H). 2.85 (dd. 1H), 2.60 (s. 3H), 1.45 (d. 3H) 

Claims 

1, An (S)-l-phenyl-2-substituted propane derivative shown by the following formula 



65 
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wherein and represent (a) the same or different, a hydrogen atom or a protective group for 
hydroxyl group, or (b) R^ and R^ may form an optionally substituted ring with the adjacent oxygen 
atoms; R^, R* and independently represent a hydrogen atom, a lower alkyi group, a lower haloalkyi 
group, a lower aikoxy group, a nitro group or a halogen atom; and X represents a hydroxyl group which 
may be protected with a protective group, an optionally substituted alley Isutfbnyloxy group, an optionailly 
substituted arylsulfonyloxy group or a halogen atom. 

An (S)-1-phenyh2-$ubstituted propane derivative according to claim 1, wherein R^ and R^ represent (a) 
the same or different. (1) a hydrogen atom, (2) a Ci-* alkyI group which may be substituted with a 
substituent selected from the group consisting of a Ci-4 aikoxy group, a Ci-+ gikoxy-Ci-* aikoxy 
group, a C7-20 aralkyloxy group, a benzoyl group, a Ci-* alkylthio group and a halogen atom, (3) an 
optionally substituted allyl group, (4) an optionally substituted C3-10 cycloalkyi group, (5) an optionally 
substituted 5- to 6-membered heterocyclic group having an oxygen atom or a sulfur atom as a hetero 
atom, (6) an optionally substituted C7-20 aralkyi group, (7) an optionally substituted silyl group, (8) an 
optionally substituted acyl group which may have an aromatic ring or a heterocyclic ring, (9) an 
optionally substituted C2-S aikoxycarbonyl group. (10) an optionally substituted 07-20 aryloxycarbonyl 
group, (11) an optionally substituted (^-20 aralkyloxycarbonyl group, (12) an optionally substituted 
Ci-4 alkylsulfonyl group or (13) an optionally substituted C6-20 arylsulfonyl group; or (b) R^ and R^ 
may form an optionally substituted Ci alkylene group, a carbonyl group or a thiocarbonyl group. 

An (S)-1-phenyl-2-substituted propane derivative according to claim 2, wherein said optionally substi- 
tuted Ci -4 alkylene group formed by R^ and R^ is an optionally substituted methylene group shown by 
the foltowing formula 



(IX) 



wherein R* and R** independently represent (i) a hydrogen atom, a Ct-* alkyI group, a Ci-* 
haloalkyi group, an optionally substituted C6-20 aryl group, a C1-.4 aikoxy group, an optionally 
substituted amino group, a carboxyl group or a salt thereof, an optionally substituted aikoxycarbonyl 
group, a hydroxymethyl group or an optionally substituted alkoxymethyl group or (ii) R" and R^ may 
form a C5-7 cycloalkyi group with the adjacent carbon atom. 

An (S)-1-phenyl-2-substituted propane derivative according to claim 1, wherein R^. R* and R^ indepen- 
dently represent a hydrogen atom, a C1-4 alkyI group, a C1-4 habalkyi group, a C1-4 aikoxy group, a 
nitro group or a halogen atom. 

An (S)-1-phenyl-2-substituted propane derivative according to claim 1. wherein X Is (1) a hydroxyl 
group which may be protected with a protective group selected from the group consisting of a Ci -4 
alkyI group which may be substituted with a C1-4 aikoxy group, a C1-4 alkoxy-Ci-4 aikoxy group, a 
C7-20 aralkyloxy group, a benzoyl group, a C1-4 alkylthio group or a halogen atom, an optionally 
substituted allyl group, an optionally substituted C3-10 cycloalkyi group, an optionally substituted 5- to 
6-membered heterocyclic group having an oxygen atom or a sulfur atom as a hetero atom, an 
optionally substituted C7-20 aralkyi group, an optionally substituted silyl group, an optionally substituted 
acyl group which may have an aromatic ring or a heterocyclic ring, an optionally substituted C2-5 
aikoxycarbonyl group, an optionally substituted C7-20 aryloxycarbonyl group and an optionally substi- 
tuted C8-20 aralkyloxycarbonyl group; (2) an optionally substituted C1-4 alkylsulfonyloxy group; (3) an 
optionally sut)stltuted C6-20 arylsulfonyloxy group; or (4) a halogen atom. 

An (S)-1-phenyl-2-substituted propane derivative according to claim 1, wherein and R^ are. (a) the 
same or different, a hydrogen atom, an optionally substituted C1-4 alkyI group, an optionally substi- 
tuted 07-20 aralkyi group or an optionally substituted Ci-s acyl group, or (b) R^ and R^ form an 
optionally substituted methylene group shown by the following formula 
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:c : (IX) 



wherein and R** are, (t) independently, a hydrogen atom, a Ci alkyl group, a carboxyl group or 
a salt thereof, an optionally substituted C2-5 alkoxycarljonyl group, a hydroxymethyl group or an 
optionally substituted Ci-4 alkoxy-methyl group, or (ii) R« and R^ form, together with the adjacent 
carbon atom, a Cs-7 cycloalkyi group; R^, R* and are, respectively, a hydrogen atom or a Ci-.4 
alkyl group; and X is a hydroxy! group, an optionally substituted C1-2 alkylsulfonyloxy group, an 
optionally substituted Cc-is arylsulfonyloxy group or a halogen atom. 

7- A process for producing an (S)-1-phenyl-2-substitut0d propane derivative which comprises: 
IS permitting a microorganism which is capable of asymmetrically reducing a phenylacetone deriva- 

tive shown by the following formula 



to 



20 



25 



35 



40 




(II) 



wherein R^ and R^ represent (a) the same or different a hydrogen atom or a protective group for 
hydroxyl group, or (b) R^ and R^ may form an optionally substituted ring together with the adjacent 
oxygen atoms; and R^, R* and R^ independently represent a hydrogen atom, a tower alkyl group, a 
30 lower haloalkyi group, a lower alkoxy group, a nitro group or a halogen atom, to produce a 
corresponding (S)-1-phenyl-2-propanol derivative shown by the following formula 




(III) 



wherein R\ R^ R3, r* and R? have the same meanings as defined above, or a preparation thereof 
to act on said phenylacetone derivative of the formula (II), and 
45 harvesting or recovering the product (S)-1-phenyl-2-propanol derivative. 

8. A process for producing an (S)-1-phenyl-2-substituted propane derivative according to claim 7, wherein 
said microorganism is a strain of microorganism selected from the group consisting of microorganisms 
belonging to the genus Sphingobacterium, the genus Aeromonas, the genus Agrobacterium, the 

50 genus Aureobacterium, the genus Bacillus, the genus Cellulomonas, the genus Chromobacterlum, 
the genus Corynebacterlum, the genus Gluconobacter, the genus Jensenia, the genus Comamonas, 
the genus Pseudomonas, the genus Altemarla, the genus Amanita, the genus Aspergillus, the genus 
Cochliobolus, the genus Corynespora, the genus Dactyllum, the genus Drechslera, the genus 
Echinopodospora, the genus Gelasinospora, the genus Gonatobotryum, the genus htelmin- 

55 thosporium, the genus Mortlerella, the genus Paecllomyces, the genus Phlalophora, the genus 
Phytophthora, the genus Podospora, the genus Rhizomucor, the genus Septoria, the genus Sporor- 
mielia, the genus Stemphyllum, the genus Talaromyces, the genus Torula, the genus Ustllago, the 
genus Westerdykella, the genus Ambrosiozyma, the genus Dekkera, the genus Candida, the genus 
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Oavfspora, the genus Cryptococajs, the genus Debaryomyces, the genus Gafactomyces, the genus 
Filobasldlum, the genus Geotrfchum, the genus Hansenula, the genus Issatchenkla, the genus 
Kloeckera, the genus Kluyy&romyces, the genus Leucosporidium, the genus Lodderomyces^ the 
genus Metschnikowia, the genus Myxozyma, the genus Oosporidlum, the genus Pachysolen, the 
5 genus Pichia, the genus Malazzezia, the genus Rhodosporidlum, the genus Kondoa, the genus 
Rhodotoruia, the genus Saccharomyces, the genus Octosporomyces, the genus Sporidiobolus, the 
genus Sporobolomyces, the genus Sporopachydermia, the genus Sterigmatomyces, the genus 
Toruiaspora^ the genus Toruiopsis, the genus Trigonopsis, the genus Wickerhamia, the genus 
Wingea, the genus Zygoascus, the genus Zygosaccharomyces and the genus Zygozyma. 

9. A process for producing an (S)-1-phenyl-2-substltuted propane derivative according to claim 7, wherein 
said microorganism is a strain of microorganisms belonging to Sph'mgobacterium sp., Aeromonas 
hydrophlla, Agrobacterium radiobacter, Aureobacterium testaceum, Bacillus cereus, Cellulomonas 
flavigena, Chromobacterlum iodlnum, Caynebacten'um aquatlcum, Gluconobacter oxydans, Jen- 
is senia canicruria, Comamonas acidovorans, Pseudomonas fluorescens, Pseudomonas putida, Al- 

ternaria japonica, Amanita citrina, Azpergillus awamori nakazawa, Aspergillus ficuum, Aspergillus 
niger, Cochllobolus miyabeanus, Corynespora cassilcola, Dactyiium dendroldes, Drechslera 
avenae, Echinopodospora Jamaicensis, Gelasinospora cerealls, Gonatobotryum apiculatum, Hel- 
minthosporium sigmoideum, Mortlerella isabeilina, Paecilomyces variotii, Phialophora pedrosoh 

20 Phytophthora capsici, Podospora carbonaria, Rhizomucor pusillus, Septoria glycines, Sporormielia 
isomera, Stemphyllum sarclniforme, Talaromyces flavus, Torula Jeanselmeh Ustilago cynodontls, 
Westerdykella multispora, Ambroslozyma cicatricosa, Ambrosiozyma monospora, Dekkera 
custersianus, Candida aaseri, Candida atomspherica, Candida beecbii, Candida diversa, Candida 
ergatensis, Candida fluviatilis, Candida fusiformate, Candida giabrata, Candida gropenglesserl, 

25 Candida halonitratophila, Candida inconspicua, Candida kefyr, Candida krusei, Candida lambica, 
Candida moglh Candida maltose, Candida melibiosica, Candida membranaefaciens, Candida 
oieophila, Candida parapsilosis, Candida pintolopesii, Candida pseudointermedia, Candida 
catenutata, Candida rugosa. Candida saitoana, Candida sake, Candida natalensis, Candida sal- 
manticensis, Candida santamariae, Candida schatayii, Candida si)ehatae, Candida silyanorum, 

so Candida sorbophila, Candida tenuis, Candida utilis, Candida albicans, Oayfispaa lusitaniae, 
Cryptococcus humicotus, Cryptococcus neoformans, Debaryomyces varijiae, Gatactomyces rees- 
sii, Filobasidium capsuligenum, Geotrichum candidum, Geotrichum fermentans, Geotrichum frag- 
rans, Hansenula Poiymorpha, Hansenula capsuiata, Hansenula glucozyma, Hansenula wickerhamii, 
Issatchenkia scutulata, Kloeckera africana, Kluyyeromyces lactis, Kluyverormyces mancianus, 

35 Kluyveromyces polysporus, Leucosporidium scottii, Lodderomyces elongisporus, Metschnikowia * 
bicuspidata, Metschnikowia puicherrima, Metschnikowia reukaufii, Myxozyma iipomycoides, 
Oosporidium margaritiferum, Pachysoien tannophilus, Pichia cellobiosa, Pichia farinose, Pichia 
lindnerii, Pichia ohmeri, Pichia thermotolerans, Pichia pastoris, Pichia trehalophila, Pichia carsonii, 
Pichia subpelliculosa, Malassezia furfur, Rhodosporidium diobovatum, Rhodosporidium toruloides, 

40 Kondoa malvinefia, Rhodotoruia giutinis, Rhodotoruia rubra, Saccharomyces rouxii, Oc- 
tosporomyces octosporus, Sporidiobolus johnsonii, Sfx>ridiobolus pararoseus, Sporidiobolus sal- 
monicolor, Sporobolomyces pararoseus, Sporopachydermia lactativora, Sterigmatomyces elviae, 
Torulaspora delbrueckii, Toruiopsis nemodendra, Trigonopsis variabilis, Wickerhamia flu(X'escens, 
Wickerhamieiia domercquii, Wingea robertsii, Zygoascus hellenicus, Zygosaccharomyces bailii, 

45 Zygosaccharomyces bisporus or Zygosyma oligophaga, 

10. A process for producing an (S)-1 -phenyl-2-substituted propane derivative according to claim 7, wherein 
said phenylacetone derivative where and are. the same or different, a Ci-4 alkyi group, or and 
R2 may form an optionally substituted methylene group; and R^, R* and R^ are hydrogen atoms, is 

50 subjected to the action of the microorganism or a preparation thereof. 

11. A process for producing an (S)-l -phenyl-2-substituted propane derivative which comprises: 

allowing a sulfonylating agent or a halogenating agent to react with an (S)-l-phenyl-2-propanol 
derivative shown by the following formula 

55 
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(III) 



wherein and represent (a) the same or different, a hydrogen atom or a protective group for 
hydroxyl group, or (b) R^ and R^ may form an optionally substituted ring together with the adjacent 
oxygen atoms; and R^, R* and R^ independently represent a hydrogen atom, a lower alkyi group, a 
lower haloalkyi group, a lower alkoxy group, a nitro group or a halogen atom, 

to produce an (S)-1-phenyl-2-substttuted propane derivative shown by the following formula 



20 




(IV) 



wherein R\ R^, R3, R* and R^ have the same meanings as defined above; and Y represents an 
optionally substituted alkylsulfonyloxy group, an optionally substituted arylsulfonyloxy group or a 
halogen atom. 

30 

12. A process for producing an (S)-1-phenyl-2-substituted propane derivative according to claim 11, which 
comprises: 

permitting a microorganism which is capable of asymmetrically reducing a phenylacetone deriva- 
tive shown by the following fbnmula 

35 



40 




(II) 



wherein R^ and R^ represent (a) the same or different, a hydrogen atom or a protective group for 
hydroxyl group, or (b) and R^ may form an optionally substituted ring together with the adjacent 
oxygen atoms; and R^, R* and R^ represent, independently, a hydrogen atom, a lower alkyI group, a 
lower haloalkyi group, a lower alkoxy group, a nitro group or a halogen atom, to produce the 
50 corresponding (S)-l-phenyl-2-propanol derivative shown by the formula (III), or a preparation thereof 
to act on said phenylacetone derivative of the formula (II). and 

allowing a sulfonylating agent or a halogenating agent to react with the resultant (S)-1 -phenyh2- 
propanol derivative of the formula (III) to produce the (S)-1-phenyl-2-substltuted propane derivative of 
the formula (IV). 

55 

ia A process for producing an (R,R)-1-phenyl-2-[(2-phenyl-1-methylethyl)amino]ethanol derivative which 
comprises: 

allowing an (R)-2-amino-1-phenylethanol derivative shown by the following formula 
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(V) 



wherein R^, R^, R^, R^ and R^^ respectively represent a hydrogen atom, a lower alkyi group, a 
lower haloalkyi group, a lower alkoxy group, a nitro group or a halogen atom; and Z represents a 
hydrogen atom or a protective group for hydroxyl group, 

to react with an (S)-1-phenyl-2-$ubstJtuted propane derivative shown by the following formula 



76 
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OR^ 



(IV) 



wherein R^ and R^ represent (a) the same or different a hydrogen atom or a protective group for 
hydroxyl group, or (b) R^ and R^ may form an optionally substituted ring together with the adjacent 
oxygen atoms; R^, R* and independently represent a hydrogen atom, a lower alkyI group, a lower 
haloalkyi group, a lower alkoxy group, a nitro group or a halogen atom; and Y represents an optionally 
substituted alkylsulfonyloxy group, ian optionally substituted arylsulfonyloxy group or a halogen atom, 

to produce an (R,R)-1-phenyl-2*[(2-phenyl-1-methylethyl)amino]ethanol derivative shown by the 
following formula 



35 



40 



0 z 




OR 



O R' 



(VI) 



45 



wherein R\ R^ R3, R*. Rs, R«, R', rs, r9, rio and Z have the same meanings as defined above, 
or a salt thereof. 



14. A process for producing an (R,R)-1-phenyl-2-[(2-phenyl-1-methylethyl)amlno] ethanol derivative accord- 
ing to claim 13, wherein said (R)-2-amino-1-phenylethanol derivative of the formula (V) where R^, R^, 
R^, R3 and R^^ respectively represent a hydrogen atom, a Ci-i alkyI group, a C1-4 haloalkyi group, a 
50 Ci -4 alkoxy group, a nitro group or a halogen atom; and Z is a hydrogen atom or a protective group for 
hydroxyl group, is subjected to the reaction. 



15, A process for producing an (R,R)-l-phenyl-2-[(2-phenyl-l-methylethyl)amino]ethanol derivative accord- 
ing to claim 13. wherein said <R)-*2-amlno-1-phenylethanol derivative of the formula (V) where R^ is a 
65 Ci-4 haloalkyi group, a halogen atom or a nitro group; R^, R^, R®, and R^° are independently a 
hydrogen atom or a Ci -4 alkyI group; and Z is a hydrogen atom or a protective group for a hydroxyl 
group, is subjected to the reaction. 
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IS. A process for producing an (R,R)-1-phenyl-2-[(2-phenyl-1-methylethyl)amino]ethanol derivative accord- 
ing to claim 13, wherein the reaction of the compound of the fomnula (V) and the compound of the 
formula (IV) is conducted in the presence of a base. 

5 17. A process for producing an (R,R)-1-phenyl-2-[(2-phenyl-1-methylethyl)amino] ethanol derivative accord- 
ing to claim 13, wherein .the reaction of the compound of the formula (V) and the compound of the 
formula (IV) is carried out in the presence of a dialicylamine. 

ia A process for producing an (R,R)-1-phenyl-2-[(2-phenyl-1-methylethyl)amino]ethanol derivative accord- 
to ing to claim 13, which comprises: 

permitting a microorganism which is capable of asymmetrically reducing a phenylacetone deriva- 
tive shown by the following formula 




(II) 



wherein R^ and R^ represent (a) the same or different, a hydrogen atom or a protective group for 
25 hydroxyl group, or (b) R^ and R^ may form an optionally substituted ring together with the adjacent 
oxygen atoms; and R^, R* and R^ independently represent a hydrogen atom, a lower alky I group, a 
lower haloaikyi group, a lower alkoxy group, a nitro group or a halogen atom, to produce a 
corresponding (S)-1-phenyl-2-propanol derivative sliown by the folk>wtng formula 



35 




(III) 



40 wherein R\ R^. R^, R* and R^ have the same meanings as defined above, or a preparation thereof 

to act on said phenylacetone derivative of the formula (II), 

allowing a sulfonylating agent or a halogenating agent to react with the resultant (S)-1 -phenyl-2- 
propanol derivative of the formula (III) 

to produce the (S)-1-phenyl-2-substituted propane derivative of the formula (IV), and 
45 allowing the resultant (S)-1-phenyl-2-substituted propane derivative of the formula (IV) to react with 

an (R)-2-amino-1-phenylethanol derivative of the formula (V) 

to produce the (R,R)-1-phenyl-2-[(2-phenyl-1-methylethyl)amino]ethanol derivative of the formula 
(VI) or a salt thereof. 

50 19. An (R)-l-phenyl-2-substttuted propane derivative shown by the following fomnula 
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(VII) 



wherein and represent (a) the same or different, a hydrogen atom or a protective group for 
hydroxyl group, or (b) R^ and may form an optionally substituted ring with the adjacent oxygen 
atoms; R^, R* and R^ independently represent a hydrogen atom, a lower alky I group, a lower haloalkyi 
group, a lower alkoxy group, a nitro group or a halogen atom; and X represent a hydroxyl group which 
may be protected with a protective group, an optionally substituted alkylsulfonyloxy group, an optionally 
substituted arylsulfonyloxy group or a halogen atom. 



20. An (R)-1-phenyI-2-substituted propane derivative according to claim 19, wherein R^ and R^ represent 
(a) the same or different, (1) a hydrogen atom, (2) a alkyl group which may be substituted with a 
substituent selected from the group consisting of a Gi->4 alkoxy. group, a C1-4 alkoxy-Ci-4 alkoxy 
group, a C7-20 aralkyloxy group, a benzoyl group, a C1-4 alkylthio group and a halogen atom, (3) an 
optionally substituted allyl group. (4) an optionally substituted C3-10 cycloalkyt group, (5) an optionally 
substituted 5- to 6-membered heterocyclic group having an oxygen atom or a sulfur atom as a hetero 
atom. (6) an optionally substituted C7-20 aralkyi group, (7) an optionally substituted silyl group, (8) an 
optionally substituted acyl group which may have an arcMmatic ring or a heterocyclic ring, (9) an 
optionally substituted C2-5 alkoxycartKjnyl group. (10) an optionally substituted C7-20 aryloxycarbonyl 
group, (11) an optionally substituted Cs-ao aralkyloxycarbonyl group. (12) an optionally substituted 
C1-4 alkylsuifonyl group or (13) an optionally substituted Ck-20 arylsulfonyl group; or (b) and R^ 
may fomn an optionally substituted C2-4 alkylene group, a carbonyl group, a thiocarbonyl group or an 
optionally substituted methylene group shown by the following formula 



(IX) 



wherein R* and R** independently represent (i) a hydrogen atom, a C1-4 alkyl group, a C1-4 
haloalkyi group, an optionally substituted Ce-20 aryl group, a C1-4 alkoxy group, an optionally 
substituted amino group, a carboxyl group or a salt thereof, an optionally substituted alkoxycarbonyl 
group, a hydroxymethyl group or an optionally substituted alkoxymethyl group, or (ii) R* and R^ may 
form a Cs--? cycloalkyi group with the adjacent carbon atom; R^, R* and R^ independently represent a 
hydrogen atom, a C1-4 alkyl group, a Ci -4 haloalkyi group, a C1-4 alkoxy group, a nitro group or a 
halogen atom; and X represents (1) a hydroxyl group which may be protected with a protective group 
selected from the group consisting of a C1-4 alkyl group which may be substituted with a C1-4 alkoxy 
group, a C1-4 alkoxy-Ci-4 alkoxy group, a C7-20 aralkyloxy group, a benzoyl group, a C1-4 alkylthio 
group or a halogen atom, an optionally substituted allyl group, an optionally substituted Ca-io 
cycloalkyi group, an optionally substituted 5- to 6-membered heterocyclic group having an oxygen 
atom or a sulfur atom as a hetero atom, an optionally substituted C7-20 aralkyi group, an optionally 
substituted silyl group, an optionally substituted acyl group which may have an aromatic ring or a 
heterocyclic ring, an optionally substituted C2-5 alkoxycarbonyl group, an optionally substituted C8-20 
aralkyloxycarbonyl group and an optionally substituted C7-20 aryloxycarbonyl group; (2) an optionally 
substituted C1-4 alkylsulfonyloxy group; (3) an optionally substituted C6-20 arylsulfonyloxy group; or 
(4) a halogen atom. 

21, A process for producing an (R)-1 -phenyl-2-substituted propane derivative which comprises: 

permitting a microorganism which is capable of asymmetrically reducing a phenylacetone deriva- 



41 



EP 0 627 397 A1 



tive shown by the following formula 




(ID 



wherein and represent (a) the same or different, a hydrogen atom or a protective group for 
. hydroxyl group, or (b) and may form an optionally substituted ring with the adjacent oxygen 
75 atoms; and R^, R* and R? Independently represent a hydrogen atom, a lower alkyi group, a bwer 
haloalkyi group, a lower alkoxy group, a nitro group or a halogen atom, 

to produce a corresponding (R)-1-phenyl-2-propanol derivative shown by the following formula 
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wherein R\ R^. R^, R* and have the same meanings as defined above, or a preparation thereof 
30 to act on said phenylacetone derivative of the formula (II), and 

harvesting or recovering the product (R)-1-phenyl-2-proparK)l derivative. 

22. A process for producing an (R)-1-phenyl-2-substituted propane derivative according to claim 21, 
wherein said microorganism is a strain of microorganism selected from the group consisting of 

35 microorganisms belonging to the genus Corynebacten'um, the genus Xanthomonas, the genus 
Micrococcus, the genus Botryoascus and the genus Candida, 

23. A process for producing an (R)-l-phenyl-2-substituted propane derivative according to claim 21, 
wherein said microorganism is a strain of microorganisms belonging to Corynebacten'um variabiiis, 

40 Xanthomonas sp., Micrococcus iuteus, Botryoascus synaedendrus or Candida parapsiiosis, 

24. A process for producing an (S)-1 -phenyl-2-substituted propane derivative which comprises: 

allowing an (R)-1-phenyl-2-substituted propane derivative shown by the following formula 

45 
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(VII) 



55 wherein R^ and represent (a) the same or different, a hydrogen atom or a protective group for 

hydroxyl group, or (b) R^ and may form an optionally substituted ring with the adjacent oxygen 
atoms; R^, R* and R^ independently represent a hydrogen atom, a lower alkyI group, a lower haloalkyi 
group, a lower alkoxy group, a nitro group or a halogen atom; and X represent a hydroxyl group which 
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may be protected with a protective group, an optionally substituted alkytsulfonyloxy group, an optionally 
substituted arylsulfonyloxy group or a halogen atom. 

to react with a nucleophilic reagent for introducing X or a group convertible to X, 
to produce a sterically inverted (S)-1-phenyl-2-substituted propane derivative shown by the follow- 
ing formula 




wherein R\ R^, R3, R*, RS and X have the same meanings as defined above. 

25. A use of a microorganism (1) which is capable of asymmetrically reducing a phenylacetone derivative 
shown by the following formula 




(II) 



wherein and R^ represent (a) the same or different, a hydrogen atom or a protective group for 
hydroxy! group, or (b) R^ and R^ may form an optionally substituted ring togettier with ttie adjacent 
oxygen atoms; and R^. R* and R^ independentiy represent a hydrogen atom, a lower alkyi group, a 
lower haloalkyi group, a lower alkoxy group, a nitro group or a halogen atom, 

to produce a corresponding (S)-1-phenyl-2-propanol derivative shown by the following formula 




(III) 



wherein R\ R^, R^, r* and R^ have the same meanings as defined above, or a preparation thereof, 
for the production of the (S)-1-phenyl-2-propanol derivative, or 

(2) which is capable of asymmetrically reducing said phenylacetone derivativia of the formula (II) to 
produce a conresponding (R)-l-phenyl-2-propanol derivative shown by the following formula 
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5 




(VII') 



wherein ¥V, R^, R^, and R^ have the same meanings as defined above, or a preparation thereof, 
for. the production of the (R)'1-phenyi-2-substitut6d propanol derivative. 
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